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Historically,  participants  in  recreational  scuba  diving  in  Australia  were  mainly 
experienced  breath‐hold  divers  who  were  comfortable  in  the  water  and  who 
possessed reasonably sound snorkelling and other water survival skills.22 However, 





divers  who  have  continued  to  dive  may  have  developed  age‐related  and  other 
medical conditions that rendered diving less safe.26‐32  
 
Unless  this  situation  is  carefully  monitored  and  managed  by  appropriate  and 


























































































































































































































































































































































































































































and  drawing  on  his  relevant  experience  in  diving  accident  investigation,  the 
Candidate will conduct a total population study of Australian scuba diving‐related 
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Abstract
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Diving and Hyperbaric Medicine. 2018 March;48(1):23–30. doi.10.28920/dhm48.1.23-30.)
Introduction: This study aimed to compare the results from three Australian scuba diver surveys. As the surveys differed 
in recruitment methods, the expectation was that respondents would differ in some important characteristics.
Methodology: Anonymous, online, cross-sectional surveys of the demographics, health, diving practices and outcomes 
were distributed to: (1) Divers Alert Network Asia-Pacific (DAN AP) members; (2) Professional Association of Diving 
Instructors (PADI) Asia-Pacific members; and (3) divers who had received any PADI non-leadership certification within 
the previous four years. Only data from divers resident in Australia were analysed.
Results: A total of 2,275 responses were received from current Australian residents, comprising 1,119 of 4,235 (26.4%) 
DAN members; 350 of 2,600 (13.5%) PADI members; and 806 of 37,000 (2.2%) PADI divers. DAN and PADI members 
had similar diving careers (medians 14 and 15 years, respectively). PADI members had undertaken more dives (median 
800) than DAN members (330) and PADI divers (28). A total of 692 respondents reported suffering from diabetes or a 
cardiovascular, respiratory, neurological or psychological condition and included 34% of the DAN members and 28% of 
each of the PADI cohorts. Eighty-four divers had been treated for decompression illness (approximately 5% of DAN and 
PADI member groups and 1% of the PADI divers). Eighty-seven of 1,156 (7.5%) PADI respondents reported a perceived 
life-threatening incident while diving.
Conclusions: Despite low response rates, this study indicates clear differences in the characteristics of the divers in the 
three cohorts. Therefore, a survey of a single cohort may represent that diving population alone and the findings may be 
misleading. This bias needs to be clearly understood and any survey findings interpreted accordingly.
Introduction
Historically, participants in recreational scuba diving 
in Australia were mainly young, fit males who were 
experienced breath-hold divers.1  More recently, broader 
subsets of the population (age, gender and aquatic skills) 
have been attracted to the sport. In addition, some of the 
earlier divers who have remained active have aged with 
an associated risk of co-existing disease and subsequent 
morbidity and mortality during diving.2–7  It is important 
to have an understanding of the demographics, activities 
and health of current divers to better cater for their needs. 
For example, if a substantial older diver demographic is 
identified, targeted diving health campaigns could be offered, 
better pre-dive screening tools created and implemented and 
potential justification provided for the increased availability 
of defibrillators on dive boats. In general, the availability 
of such data enables the appropriate planning for incident 
mitigation and management strategies as well as safety 
initiatives. It also can serve to inform parts of the diving 
community about the level and type of activity of certain 
diving cohorts. However, there are few useful and publicly 
available data on Australian scuba divers since most relevant 
data are captured and held internally by the diver certification 
agencies for commercial purposes.
The aim of this study was to compare demographic, health 
and diving activity data of respondents to three Australian 
scuba diver surveys. As the survey samples were recruited 
from different  cohorts of divers (i.e., insured divers, certified 
dive professionals and other, generally more-recently 
certified  divers) the expectation was that respondents 
would differ in important characteristics. Confirmation 
of such differences would highlight that a survey of a 
single diver group may not be representative of the general 
diving population. Therefore, diver surveys must ensure 
that respondents are drawn from divers from a variety of 
different affiliations covering a spectrum of age, experience 
and diving activity.
Methodology
Two similar anonymous, online, cross-sectional surveys 
for distribution to scuba divers were created using an 
27
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online survey development system (Survey Monkey). 
Ethics approval was received from the Human Research 
Ethics Committee of Deakin University, Victoria, Australia 
(HEAG-H 100_2015). As there were no pre-existing 
questions on which validity and reliability had been tested, 
we developed our own questionnaire. The questionnaire 
was trialled for face validity on a small group of potential 
respondents and revised prior to its use.
DAN MEMBERS SURVEY
The Divers Alert Network Asia-Pacific (DAN AP) is a non-
profit, membership-based association with a mission to 
improve recreational diving safety. Among other benefits, it 
provides its members with access to diving injury insurance. 
In December 2014, an invitation to participate in a DAN 
AP survey (DAN-S)8 was emailed to all current DAN AP 
members over 18-years-old (9,927) with a recorded email 
address at that time (99% of members). A reminder was sent 
in March 2015 and the survey was closed in April 2015. 
No a priori sample size calculation was undertaken as all 
DAN AP members were invited to participate. The survey 
sought details about the respondents’ age, gender, height and 
weight (from which body mass index (BMI) was calculated), 
perceived fitness, any significant medical conditions and 
diving history and activity. Diving data included the years 
of diving, number of dives, dives per year, frequency of 
diving and the types of dives undertaken (deeper, technical, 
decompression and repetitive). Data were also collected on 
personal experiences with decompression illness (DCI).
PADI SURVEY
The Professional Association of Diving Instructors (PADI) 
is the world’s largest diver certification agency and PADI 
Asia-Pacific is responsible for the vast majority of diver 
certifications in Australia. A survey was distributed by 
PADI Asia-Pacific in September 2015 and a reminder sent 
in December 2015 to two cohorts of its certified divers: (1) 
current PADI members (i.e., divers with a PADI divemaster 
or instructor qualification, or higher, PADI-M; 2,600 divers) 
recorded as living in Australia; and (2) divers with an 
Australian address who had received any non-leadership 
certification from PADI within the previous four years 
(PADI-D; 37,000 divers).
The survey distributed to the PADI cohorts included almost 
identical questions to the DAN-S. However, it also contained 
a screening question to identify those who had already 
responded to the DAN survey, as well as some questions 
about life-threatening diving incidents that had been 
experienced. The questions about life-threatening incidents 
were added in order to gather information for additional 
research, subsequent to the DAN-S. The authors were not 
provided with data on the proportion of each of the PADI 
groups for which email addresses were known. The PADI 
surveys were closed in February 2016. For all three surveys, 
only respondents with an Australian residential address were 
included in the analysis of the surveys.
STATISTICAL ANALYSIS
Statistical analysis was conducted using SPSS Version 22 
(IBM, Armonk, NY; 2013). Estimates were presented as 
means or proportions with 95% confidence intervals. Chi-
square tests were used to compare categorical variables such 
as health conditions, diving certifications and demographic 
characteristics of the participants in the three surveys. 
ANOVA was used to compare age and BMI across the 
three surveys.
The level of significance used throughout was 0.05. A priori 
sample size calculations were performed using the National 
Statistical Service online calculator.9  The calculated sample 
sizes required were 335 (CL = 95, proportion = 0.5, CI = 
0.05) for PADI-M, and 381 for PADI-D (CL = 95, proportion 
= 0.5, CI = 0.05). Prevalence rates were calculated based on 
an exact binomial test in the R statistical package.10
Results
DEMOGRAPHICS
A total of 9,927 DAN AP members were emailed and details 
of the full cohort of respondents are reported elsewhere.8  Of 
the 4,235 of these invitees recorded as Australian residents, 
there were 1,119 (26.4%) respondents. Information was 
available on the age and gender of all DAN AP members 
so it was possible to determine the age and gender of non-
respondents. Three-hundred-and-seventy-five of 2,600 
(14.5%) and 868 of 37,000 (2.3%) of the PADI-M and 
PADI-D invitees responded, respectively. Demographic data 
on invitees and respondents are shown in Table 1.
Of the 37,000 invited divers who had received a (non-
leadership) PADI certification in the previous four years, 
approximately 14,000 opened the invitation email and 868 
responded (2.3%) to the survey. Of the 2,600 PADI members 
who were invited to participate, 1,458 (56%) opened the 
invitation and of these 375 (25.7%) responded. Overall, 
329 DAN-S, 25 PADI-M and 62 PADI-D respondents were 
excluded as they no longer lived in Australia. Twenty-nine 
PADI divers (two PADI-M and 27 PADI-D divers) had 
previously completed the DAN-S so were excluded from the 
PADI data. Thus, the following results are based on 1,119 
DAN members (DM), 350 PADI members (PM) and 806 
PADI divers (PD), a total of 2,275 Australian-based divers. 
Respondents to the DAN-S were on average significantly 
younger than non-respondents (mean ages 50 and 54 years 
respectively; P < 0.001).
Table 2 describes the demographic characteristics of 
respondents from the three cohorts. These differed 
significantly in mean age and gender mix. There was a 
28
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Table 1
Age and gender of invitees, respondents and non-respondents 
to surveys of DAN AP members (DAN-S) and PADI certified 
divers (PADI-S) and members (PADI-M); age and gender 
not known in PADI-S non-respondents; NA = not available; 
*Australian residents only
Table 2
Demographic information of 2,275 Australian-resident divers; BMI – body mass index; * 25<BMI<30 kg.m-2;
** BMI ≥ 30 kg∙m-2; † comparison made of relative fitness levels reported between groups, n.s. – not significant
Age (y) Gender 
mean (SD) (% male)
DAN AP Members
Invitees (n = 4,235) 53  (13) 73 
Respondents (n = 1,119)* 50  (12) 71 
Non-respondents (n = 3,116) 54  (13) 74
PADI Divers
Invitees (n = 37,000) 31  (10) 62 
Respondents (n = 806)* 38  (13) 58 
Non-respondents (n = 36,194) NA NA
PADI Members
Invitees (n = 2,600) 35  (11) 76 
Respondents (n = 350)* 44  (12) 70 
Non-respondents (n = 2,250) NA NA
DAN Members PADI Members PADI Divers P-value
Age (y) mean (SD) 
All 50 (12) 44 (12) 38 (13) <0.001
Males 51 (11) 45 (12) 40 (13) <0.001 
Females 46 (9) 41 (11) 35 (12) <0.001
Gender n (%) 
Male 79 (71) 244 (70) 470 (58) <0.001
BMI (kg∙m-2) mean (SD) 
All 26.9 (4.9) 26.5 (4.0) 25.5 (4.3) <0.001
Males 27.5 (4.8) 27.5 (4.9) 26.5 (4.1)   0.001 
Females 25.2 (4.8) 24.4 (3.5) 24.0 (4.2)   0.004
Overweight* n (%) 
All 490 (44) 131 (43) 247 (36)   n.s.
Males 391 (49) 77 (39) 181 (44)   n.s. 
Females 97 (30) 32 (36) 66 (24)   n.s.
Obese** n (%) 
All 220 (20) 55 (18) 94 (14)   n.s
Males 179 (23) 57 (29) 72 (18)   0.012 
Females 41 (13) 5 (6) 22 (8)   n.s.
Fitness n (%) 
very fit 73 (7) 24 (8) 49 (7)  0.002† 
fit 407 (36) 151 (48) 282 (39) 
moderately fit 568 (51) 124 (39) 332 (46) 
unfit 69 (6) 17 (5) 61 (8)
small, albeit statistically significant difference between 
the mean BMIs of the cohorts, although these differences 
were not clinically significant. There was also a significant 
difference in the proportions of obese respondents in the 
different gender subgroups with higher rates of obesity in 
male PM divers (P = 0.012). However, all comparisons need 
to be interpreted cautiously due to the low response rates 
to the surveys.
DIVING HISTORY AND CHARACTERISTICS
DAN members reported having conducted a total of 812,685 
dives, PM reported 603,564 dives and the PD had conducted 
a total of 84,899 dives. With medians of 14 and 15 years 
respectively, DAN and PM divers had been diving far longer 
than the PD group, who had dived for a median of four years 
(P < 0.01). On average, PM divers reported many more dives 
(median 800) than the DM (330) and PD cohorts (28), and 
the proportions of each cohort who reported having done 
more than 200 dives were 72% (DAN), 83% (PM) and 7.5% 
(PD). PM divers had also done more dives in the previous 
year (median 50) than DM (30) and PD divers (10). Sixty-
two per cent of the DM and 60% of the PM had dived in 
the month prior to the survey, compared to only 24% of the 
PD cohort (Table 3). The numbers of divers undertaking 
decompression dives or technical diving were too small for 
useful analysis. However, 80% of the divers in each group 
reported commonly doing repetitive diving (Table 3).
MEDICAL CONDITIONS
A total of 692 respondents reported suffering from 
diabetes, or a cardiovascular, respiratory, neurological or 
29
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Table 3
Diving history and characteristics of combined survey participants; OW − open water; OW+ − post-basic certification 
other than others listed; Tech − technical diver; DM − divemaster; Inst − instructor; Comm − commercial diver; * hold 
commercial qualifications but still dive recreationally
Group DAN members PADI members PADI divers P−value
Years diving, med (range) 14 (1−60) 15 (1−47) 4 (1−45) < 0.01
Qualifications n (%)
OW only 34 (4) NA 299  (37) < 0.01
OW+ 357 (39) NA  483 (60)
Tech 126 (14) NA  17 (2)
DM 203 (22) 143 (41) NA
Inst 160 (17) 178 (51) NA
Comm* 35 (4) 28 (8) 6 (<1)
Total dives, med (range) 330 (4−16,000) 800 (15−20,000) 28 (4−10000) < 0.01 
Dives past year, med (range) 30 (0−500) 50 (2−1000) 10  (0−200) < 0.01
Time since last dive, months (%)
<1 673 (62) 208 (60) 194 (24) < 0.01
1 to < 6 322 (30) 82 (24) 267 (33) 
6 to <12 72 (7) 37 (11) 270 (34) 
≥12 19 (2) 19 (5) 71 (9)
Dives > 30 m deep (%; med (IQR)) 10 (3−25) 10 (5−25) 1 (0−10) 
Repetitive dives (%; med (IQR)) 80 (40−95) 80 (50−95) 80 (38−100)
Figure 1
Comparative proportions of medical conditions in the general community11 and the diving survey cohorts
psychological condition. These included 376 (34%), 97 
(28%) and 222 (28%) of the DM, PM and PD cohorts, 
respectively. Three respondents reported multiple conditions. 
With the exception of cardiac conditions (P = 0.099), 
the cohorts differed significantly in the proportions with 
the other medical conditions (P < 0.001 for all except 
neurological conditions P = 0.033). The most obvious 
difference was the higher incidence of hypertension in the 
older cohorts. The numbers reporting inner ear injuries (39 
DM, 15 PM and 25 PD respectively) are unexpectedly high. 
Figure 1 compares the proportions in the Australian adult 
population with particular medical conditions, as reported 
in Australian Bureau of Statistics National Health Survey 
2014–2015,11 to those in our survey respondents.
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DECOMPRESSION ILLNESS
Eighty-four respondents, 58 (5%) DM, 18 (5%) PM and 
8 (1%) PD, reported being treated for DCI (seven on 
more than one occasion). This yields an approximate DCI 
prevalence in the respondent cohorts of 7.1 per 100,000 dives
(95% CI 5.4−9.2) for DM; 3.0 per 100,000 dives (95% 
CI 1.8−4.7) for PM and 9.4 per 100,000 dives (95% CI 
4.1−18.6) for the PD group (P < 0.001).
LIFE-THREATENING INCIDENTS
A total of 81 of the 1,156 PADI-S respondents reported what 
they perceived to have been a life-threatening incident while 
diving. Fifty of these individuals were PM and 31 PD divers. 
These included 92 incidents and identified 137 precipitating 
problems, 87 of which involved PM and 50 PD divers
(Table 4). Numbers were too small for useful statistical 
analysis. Based on denominators of 603,564 and 84,899 
reported total dives for the PM and PD cohorts respectively, 
the prevalence of a life-threatening event in the respondents 
was 8.3 per 100,000 dives (95% CI: 6.1−10.9) for the PM 
and 36.5 per 100,000 dives (95% CI: 24.8−51.8) for the 
PD cohort.
Discussion
The varying demographics and diving characteristics of 
the three cohorts indicate that a survey of a single diver 
cohort may not be representative of the Australian diving 
population. These data represented two cohorts of relatively 
or highly experienced, often long-term active divers (DM 
and PM). The other cohort (PD) comprised predominantly 
inexperienced divers who had been diving for four years or 
less. However, this latter cohort also included some more 
experienced divers who had upgraded their certification (to 
one other than a leadership certification) during the previous 
four years.
DEMOGRAPHICS
A review of Australian sporting surveys from 2001 to 2010 
inclusive indicated that 76% of Australian divers were 
male.12  This gender distribution is reflected in both the DM 
and PM cohorts of mainly longer-term divers. However, 
there was a higher proportion of females among the more 
recently-certified divers and those undergoing further 
training in the PD cohort. These surveys also indicated 
that 30% of Australian divers were aged 45 years or older, 
this proportion being identical to that of the PD cohort but 
considerably lower than the proportions in the DM (65%) 
and PM (47%) divers. This suggests that older divers in 
these cohorts (or at least the survey respondents) are over-
represented or that highly qualified divers continue the sport 
for longer and that older divers are more likely to take out 
diving insurance.
The proportion of DM and PM divers who were either 
overweight or obese was similar to that found in the general 
Australian adult population,11 whereas the corresponding 
proportion in the PD cohort was substantially lower, likely 
reflective of the younger age of this respondent cohort.11 
However, the obesity rate in the general population (27%)13 
is higher than in our respondent cohorts, which may reflect 
a greater level of physical activity in the diving cohort, 93% 
of whom perceived themselves to be at least moderately fit. 
However, this perception needs to be interpreted cautiously 
as there are no directly comparable data from the general 
population, and self-reported fitness, especially without 
further questions about specific activities, does not always 
correlate well with that measured objectively.14,15
DIVING HISTORY AND PRACTICES
The DM and PM cohorts were predominantly experienced 
and moderately to highly active divers. This is unsurprising 
given that much of this cohort had current dive insurance 
and/or were dive masters or instructors. On the other hand, 
most of the PD cohort were relatively new divers and dived 
less frequently; their median of 10 dives over the previous 
year being consistent with an unpublished survey from 
the Australian Sports Commission for 2001–2010 also 
reporting a median of 10 dives per year. (Rauber G, personal 
communication, 2014).
The large proportion of post-basic certifications in all cohorts 
is encouraging from the dive safety perspective, as further 
education and training should enhance knowledge and skills 
and offers the opportunity to increase experience in a more 
controlled manner. The high proportion of PM who dived 
near home is likely reflective of the fact that many of these 
are working dive professionals. On the other hand, the DM 
Table 4
Prevalence of perceived life-threatening incidents in the 
PADI surveys; no statistically significant differences 
between the groups; CI – confidence interval
Life-threatening PADI members PADI divers
incidents (n) 
Gas supply 16 6 
Sea/weather 12 8 
Overhead environment 6 4 
Marine animal 5 0 
Equipment fault 12 8 
Equipment misuse 1 2 
Medical condition 0 1 
Anxiety/panic 5 6 
Lack skills/experience 9 4 
Own error 16 6 
Other’s error 16 5
Total incidents 87 50 
Total dives 603,564 84,899 
Incidents/100,000 dives 8.3 36.5
(95% CI) (6.1−10.9) (24.8−51.8)
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and PD cohorts did around one third of their diving overseas. 
The reported high rate of repetitive diving is typical of 
modern-day, computer-guided recreational diving whilst 
technical and decompression diving made up a very small 
proportion of the diving of all respondent cohorts.
MEDICAL CONDITIONS
The age-specific Australian asthma prevalence for 
2014−2015 is estimated to have been a minimum rate 
of 10.5% (95% CI: 9.2, 11.8) for the age range from 15 
to 74 years.16  This suggests that the reported proportion 
of respiratory conditions (almost all asthma) in each of 
our diving cohorts was lower than in the general adult 
Australian population. This may be a result of the historical 
discouragement of people with asthma from partaking 
in scuba diving.17  In addition, the lower rate of diabetes 
and cardiac conditions in the diving group likely reflects a 
similarly cautious approach to diving with these conditions. 
The slightly higher proportion of DAN respondents with 
cardiac conditions is consistent with the greater average 
age of this cohort.18  The presence of co-existing cardiac 
conditions is well-represented in dive fatality reports,6,7,19 
although divers with known and well-managed cardiac 
conditions are known to dive with relative safely.20,21
It is interesting to note that 8−12% of respondents continued 
to dive despite a psychological disorder. This deserves 
further research, especially relating to medications taken 
to control the disorders and any impact these may have on 
diving safety.22  The reported incidence of inner ear problems 
seems disproportionally high, and the authors suspect is 
the result of confusion amongst some responders between 
inner ear and middle ear problems, the latter being much 
commoner in diving.
DECOMPRESSION ILLNESS
The rates of DCI in different diving cohorts are dependent 
on a variety of factors, including diving conditions and 
practices, differences in diver characteristics, data reliability 
and calculation methodology and, therefore, vary widely 
between reports. It has been reported that the incidence of 
decompression sickness in recreational divers is 0.01–0.02% 
(10–19 cases per 100,000 dives).23  The comparatively low 
rate of DCI in respondents to these surveys suggest that 
these cohorts dive relatively safely, although, for the reasons 
outlined earlier, this should be interpreted cautiously.
LIFE-THREATENING INCIDENTS
The rates for perceived life-threatening incidents are 
sobering. When compared to the estimated annual fatality 
rate for Australian divers (0.46 per 100,000 dives),12 
the prevalence rates for perceived ‘near-misses’ were 
many times higher in the PADI surveys. This needs to be 
interpreted cautiously as it is based on low response rates but 
implies that, for each fatality, there may be a considerable 
number of near-misses. Longer-term divers are more likely 
to have experienced such an incident, but the likelihood 
of occurrence probably reduces with experience. It is also 
possible that some less-experienced divers over-report these 
incidents, perceiving something to be life-threatening that 
may not be so.
As with most activities, whether recreational or occupational, 
there are many more non-fatal incidents than deaths. For 
example, a 12-year analysis of recreational dive-related 
incidents in the United Kingdom (UK) recorded a total of 
4,799 incidents, of which 197 (4.1%) were fatal.19  Non-fatal 
incidents are potentially a far richer source of information, 
not only due to the greater volume, but also because the 
victim can often provide valuable information, unlike in 
a fatality. The British Sub-Aqua Club, DAN America and 
DAN AP collect data on non-fatal diving incidents in their 
regions and divers are encouraged to report these.
In these surveys, despite the low response rates, the major 
categories of equipment, gas supply and conditions-related 
incident triggers appeared strikingly similar to the suspected 
incident triggers that result in Australian diving fatalities.6 
Equipment and anxiety-related incidents were more common 
in less experienced divers, likely a result of less familiarity 
with the equipment and diving environment. The higher 
incidence of dangerous marine animal encounters in the 
more experienced divers likely reflects greater exposure. 
The smaller proportion of gas supply-related problems in 
the newer divers may be a result of lower exposure and/
or less complacency or, in some cases, closer supervision.
Equipment-related problems remain common and contribute 
to deaths (and near deaths) at a comparable rate in Australia 
to those in the USA (15%)7 and UK (20%).19  They are 
often preventable with appropriate familiarisation and 
maintenance. This need for adequate familiarisation and 
maintenance is especially true for closed circuit rebreathers 
(CCRs) which were associated with about a quarter of all the 
reported equipment-related incidents in the PADI cohorts. 
This rate seems disproportionately high given the small 
number of respondents using CCRs. These data, combined 
with fatality data from the UK and elsewhere, support the 
assertion that, because of their greater complexity, there is 
a higher risk of mechanical failure and indeed death with 
CCRs compared to open-circuit scuba.24
Despite the ubiquitousness of generally accurate pressure 
gauges, breathing gas supply problems persist, contributing 
to 12–18% of the near misses in this series and being a 
suspected trigger in an alarming 41% of US diving deaths.7 
Although the unpredictable can occur and catch a diver 
unawares, good dive preparation, including gas consumption 
planning and monitoring, can prevent many ‘out of air’ 
emergencies. In addition, the high incidence of problems 
related to currents, surge and rough seas demonstrate 
that even experienced divers must take care with dive site 
selection and monitoring.
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LIMITATIONS
There are a variety of limitations to this study, the major one 
being the low and differing response rates. This non-response 
creates the potential for the data not to accurately reflect 
each group. However, large numbers within the groups and 
the substantial differences between them suggest that, while 
selection bias may have affected the results, it is unlikely that 
it was so large that it was responsible for all the observed 
group differences.
In addition, DAN members are likely older than the general 
diving population and respondents to the DAN-S were 
younger than non-respondents, possibly introducing some 
selection bias. Although there were no details of non-
respondents to the PADI surveys, it appears that they were 
likely older than non-respondents and there was a higher 
response rate from females, potential sources of selection 
bias. The very low response rate from the PADI divers would 
likely introduce further bias towards more experienced divers 
or enthusiastic divers who engage with the sport.
Whilst many Australian divers will fall into one of these 
population groups, they will not be representative of the 
entire Australian diving population. Although it would have 
been useful to examine age-specific combined data, this 
was not possible as the ages of the PADI populations were 
not available. The nature of some of the more historical 
questions, such as the number and characteristics of dives 
undertaken, may have introduced a recall bias and this 
may be more likely in the longer-term divers. Finally, self-
reporting on medical conditions, diving activities and events 
may have been another source of reporting bias.
Conclusions
Although limited by low and differing response rates and 
potential response bias, this study indicates that there are 
differences in the health-related conditions and diving 
experiences of the respondents in the three survey groups. 
Therefore, a survey of any single diver group may not be 
representative of the general recreational diving population 
and the findings from such surveys may be misleading. 
This bias needs to be clearly understood and any survey 
findings interpreted accordingly. Despite their limitations, 
these data provide an insight into the varying demographics, 
diving practices and outcomes of these groups of active 
Australian divers and can provide a background for further 
research in accident mitigation, other safety initiatives and 
industry planning.
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Original articles
The demographics and diving behaviour of DAN Asia-Pacific members 
with and without pre-existing medical conditions
John Lippmann, David McD Taylor, Christopher Stevenson and Simon Mitchell
Abstract
(Lippmann J, Taylor D McD, Stevenson C, Mitchell S. The demographics and diving behaviour of DAN Asia-Pacific members
with and without pre-existing medical conditions. Diving and Hyperbaric Medicine. 2016 December;46(4):200-206.)
Introduction: This report examines Diver Alert Network Asia-Pacific (DAN AP) members with and without cardiac or 
respiratory conditions, diabetes or hypertension and compares their demographics, health and diving activities.
Methodology: Two online cross-sectional surveys of DAN AP members were conducted. The first sought information from
833 divers who applied for membership between July 2009 and August 2013 and who had declared the targeted medical 
conditions. The second, conducted between December 2014 and April 2015, was sent to 9,927 current members with known
email addresses. The groups were compared for age, gender, body mass index, fitness, smoking and diving qualifications, 
history, currency and practices.
Results: Of 343 (41%) respondents to the first survey, 267 (32%) provided sufficient information for inclusion. Of 1,786 
(18%) respondents to the second survey, 1,437 (15%) had no targeted medical condition and were included in the analysis. 
Those with medical conditions were on average 4.7 years older (P < 0.001); more overweight or obese (68% versus 57%, 
P = 0.001); took more medications (57% vs. 29%, P < 0.001), smoked less (4% vs. 7%, P = 0.02) and did less repetitive 
diving (median 75 vs 90, P < 0.001). Other diving demographics were similar.
Conclusions: A substantial number of people are diving with medical conditions and there is a need to better understand 
the associated risks. Divers need to be well-educated about the potential impact such conditions may have on diving safety 
and should monitor their health status, especially as they age. 
Key words
Survey; Fitness to dive; Health surveillance; Cardiovascular; Scuba divers; Recreational divers
Introduction
It is generally accepted that scuba divers need to have an 
appropriate level of physical and medical fitness in order to 
facilitate safe diving. Historically, conditions such as asthma,
diabetes and many cardiac conditions were considered
absolute contraindications.1–3 Traditionally, scuba diving 
was the realm of the relatively healthy, fit and young
although, as the sport evolved, individuals with a variety 
of medical conditions began to participate.4,5  Data from
the United Kingdom (UK) indicate that the average age of 
divers has increased over time, rising from 10% being over 
50 years old in 1998 to 30% in 2015.6  Long-time divers are 
ageing and the sport has become increasing available to a 
broader-aged cohort of the population.
Associated with increasing age is an increase in co-existing 
disease, both known and occult.7–10   Diving fatality reports 
reflect a rise in the ages of victims and this is likely a result of 
the combination of increased participation and increased risk 
imposed by co-morbidities.11,12  Up to one third of cohorts of 
active Australian and USA divers continued to dive even with 
traditional medical contraindications.5,13  Some divers had 
never sought diving medical advice about their conditions.
Diving medical organisations have progressively modified 
their advisories on diving with conditions such as asthma 
and diabetes. The Divers Alert Network Asia-Pacific (DAN 
AP) is a non-profit membership-based association with a 
mission to improve recreational diving safety, and provides 
its members with access to diving injury insurance. Although 
membership applicants are required to declare pre-existing 
medical conditions, in most cases, no evidence of a fitness-
to-dive assessment is required. DAN AP membership data 
reflect a growing representation from divers with asthma, 
diabetes, hypertension and a variety of cardiac-related 
conditions. As a result, there is an increasing need to learn 
more about the medical conditions of active divers and the 
impact, if any, that these conditions have on their diving 
practices and experiences.
The aim of this project was to examine the health status 
of a cohort of active recreational divers and determine the 
impact of co-existing disease on their diving practices. We 
surveyed DAN AP members with and without significant 
pre-existing medical conditions. We aimed to clarify the 
prevalence of significant medical conditions in active divers 
and identify any impact of certain predefined conditions on 
diving frequency, practice and outcome.
Methodology
An anonymous, online, cross-sectional medical conditions 
survey (MCS) was conducted on a cohort of DAN AP 
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members who had declared that they suffered from a 
significant medical condition, including hypertension, 
diabetes, respiratory and cardiac conditions. A second similar 
cross-sectional general DAN members survey (GDMS) was 
conducted with the general DAN AP membership. The latter 
survey was conducted in order to obtain a control group for 
comparison (footnote). Ethics approvals were received from 
the Human Research Ethics Committees of Austin Health 
and Deakin University, both in Victoria, Australia.
MEDICAL CONDITIONS SURVEY
The survey targeted adults (>18 years old) who had joined 
DAN AP between 01 July 2009 and 01 August 2013. At 
the time of joining, DAN AP applicants for dive injury 
insurance are required to declare significant pre‐existing 
medical conditions and, during the period under study, 
these were recorded in a database for research purposes. 
Those reporting an existing condition were surveyed using 
a two-part questionnaire. The first part sought details about 
the responders’ demographics (e.g., age, gender, physical 
characteristics, general health and perceived fitness) and 
details of their diving history and activity, e.g., years of 
diving, total number of dives, dives per year, frequency of 
diving and the type of diving undertaken: depths, technical 
(self- and certification-defined) and repetitive diving. 
The second part sought details about certain ‘targeted 
conditions’ including cardiac (septal defects, myocardial 
infarction, arrhythmias, angina) and respiratory (asthma, 
pneumothorax, lung surgery) conditions, diabetes and 
hypertension. There were also specific questions about any 
impact these conditions had had on the responders’ diving 
practices and any adverse incidents that had occurred.
In August 2013, an invitation to participate in the survey 
was sent to DAN AP members who had previously declared 
the conditions of interest. A reminder was sent in October 
2013 and the survey was closed in December 2013. No 
inducements to participation were offered, and invitees 
were assured of their anonymity and that responding or 
otherwise would have no impact on their insurance status. 
All invitees had access to Part 1 of the questionnaire, as well 
as the set of questions relating to their declared condition(s). 
Participants were invited to enter their responses directly into 
an online, dedicated MYSQL database (Oracle, Redwood 
CA). Responses were then downloaded into an MS Excel 
database (Microsoft Corporation, Redmond WA) for 
collation and pre-analysis.
GENERAL DAN AP MEMBERS SURVEY
A separate survey containing similar demographic, diving 
history and activity questions was designed for all DAN 
AP members. This GDMS, which used the Survey Monkey 
platform, included some filtering questions about whether 
or not the responders had any of the ‘targeted’ or other 
significant medical conditions, and if they had participated 
in the MCS. Those with a positive response to either of these 
questions were excluded from the subsequent comparative 
analysis.
An invitation to participate was emailed to all current 
members (which would have included some who had 
participated in the MCS) using the email address known 
to DAN in December 2014. A reminder was sent in March 
2015 and the survey was closed in April 2015.
The variables of interest for the divers with and without 
targeted medical conditions were compared. No a priori 
sample size calculation was undertaken as all DAN AP 
members were invited to participate. Statistical analysis 
was conducted using SPSS Version 22 (IBM, Armonk, NY; 
2013).  Groups were compared using the Student’s t-test, 
χ2-test, z-test and Median Test for independent samples. The 
level of significance was set as ≤ 0.05.
Results
MEDICAL CONDITIONS SURVEY
Eight-hundred-and-thirty-three DAN AP members with 
previously disclosed medical conditions were invited to 
participate. Age and gender were known and are shown 
in Table 1. Three-hundred-and-forty-three responses were 
received (41%) of which 267 (32%) contained sufficient 
information for inclusion. The medical conditions of interest 
included cardiac conditions (92 cases), hypertension (127), 
diabetes (24) and respiratory conditions, predominantly 




Invitees 50.0 (12.0) 27
Responders (n = 267) 52.1 (12.2) 31
Non-responders (n = 566) 49.6 (12.4) 24
P-value * < 0.01  0.02
GDMS
Invitees 42.9 (11.9) −
Responders (n = 1437) 47.6 (11.7) 30
Non-responders (n = 7961) 42.1 (11.8) −
P-value * < 0.001 −
Table 1
Age and gender of invitees, responders and non-responders to a 
medical conditions survey (MCS) and a general DAN members 
survey (GDMS) (gender not known in GDMS invitees and hence 
non-responders); * comparison of responders and non-responders
Footnote: The general and disease-specific questionnaires are available at <www.danap.org/research/med_conditions/>.
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GENERAL DAN AP MEMBERS SURVEY
Nine-thousand-nine-hundred-and-twenty-seven DAN AP 
members were invited to participate. Although the genders 
of these invitees were unavailable, the ages of 9,398 were 
known (Table 1 and Figure 1).
Of 1,786 respondents (18%), 1,086 (61%) reported that they 
were free from any medical conditions, and 1,437 (81%) 
reported being free from the targeted medical conditions. 
Data from respondents without the targeted medical 
conditions were analysed in this survey. The remaining 349 
subjects were excluded (including 265 who indicated that 
they had participated in the MCS).
Figure 1 shows the age breakdowns of invitees, responders 
and non-responders to the GDMS. There were two invitees 
over 80 years old but neither responded and are not included 
in Figure 1. Responders were significantly older than non-
responders (P < 0.001). Table 2 shows the demographic and 
medical information of the 267 responders with adequate 
information in the MCS and of the 1,437 responders to the 
GDMS without targeted medical conditions.
The sex distributions of MCS and GDMS responders were 
similar, with approximately 30% female and 70% males in 
each group. However, the divers with the medical conditions 
were significantly older than those without, with a difference 
in the means of 4.7 years. Sixty-three percent of the medical 
condition group were aged 50 years or older, compared with 
45% of the group without the medical conditions. The mean 
body mass index (BMI) of divers with medical conditions 
was significantly higher than those without. Sixty-eight 
percent of the medical condition group were overweight 
or obese compared to 57% of the GDMS respondents
(P = 0.001).
The self-reported fitness levels of the two groups were 
similar with over 90% of each group assessing themselves 
as moderately fit or fitter. The proportion of the medical 
condition group who took medications was almost twice 
that of those without. Although the proportion of smokers 
was low in both groups, the proportion of smokers in the 
group without the medical conditions was almost twice that 
of those with conditions.
Table 3 describes the diving history and characteristics of the 
Group
No condition (n = 1,437) Medical condition (n = 268) P-value†
Sex n (%)
Male 1,007 (70) 182 (68)
Female 430 (30) 81 (30) 0.90
NR* 4 (2)
Age (y), mean (SD) 47.3 (11.7) 52.4 (12.1) < 0.001
BMI (kg·m-2), mean (SD) 26 (4.2) 27 (4.2) 0.001
Overweight n (%) ‡ 582 (41) 103 (42) 0.06
Obese n (%) § 233 (16) 63 (26) < 0.01
Fitness n (%)
very fit 97 (7) 18 (7) 0.19
fit 533 (37) 80 (30)
moderately fit 719 (50) 146 (54)
unfit 88 (6) 20 (8)
not reported 3 (1)
Medications n (%)
Yes 414 (29) 151 (57) < 0.001
No 1023 (71) 110 (41)
not reported 6 (2)
Current smoker n (%) 105 (7) 11 (4) 0.02
Table 2
Demographic and health information of 267 divers with declared targeted conditions and 1,437 without targeted medical conditions; 
* not reported; † comparison excludes not reported; BMI – body mass index; ‡ 25 < BMI < 30 kg·m-2; § BMI ≥ 30 kg·m-2
Figure 1
Proportions of invitees, responders and non-responders to a general 
DAN members survey (GDMS) according to 10-year age groups
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responders to the MCS and the GDMS. The groups did not 
differ in the numbers of years that they had been diving or 
their reported total dives. However, more responders without 
targeted medical conditions were qualified as divemaster or 
higher (38% vs 29%). The data for decompression dives and 
technical diving are especially skewed. For example, in the 
group without conditions, 735 divers reported doing some 
percentage of decompression dives - some claimed 100% 
and some only 1% − with many doing no-decompression 
dives only, giving a median for decompression diving of 1% 
as shown in Table 3. Similarly 435 divers reported doing 
some technical diving but the median percentage for this 
type of diving was zero.
The groups did not differ in the numbers of dives conducted 
over the previous year, although the divers without medical 
conditions reported having dived more recently or in the 
proportion of dives deeper than 30 metres, decompression 
dives or technical dives. However, those with medical 
conditions had done significantly less repetitive diving.
Twenty-eight (10%) responders with medical conditions 
reported having had decompression illness (DCI) compared 
with 62 (4%) of those without (P < 0.0001). Twenty-five 
of the 28 MCS divers who reported DCI were diagnosed 
with an intra-cardiac right-to-left shunt, predominantly a 
persistent foramen ovale. The most common diving-related 
injury reported by those with medical conditions was ear 
or sinus barotrauma (46, 17%). Two of the cases of ear 
barotrauma led to significant inner ear damage but both 
divers continue to dive.
Discussion
The 70:30 male to female gender distribution between the 
groups is similar to the 2:1 male:female ratio currently 
reported by the Professional Association of Diving 
Instructors (PADI) for its certifications for 2009–2014.15 
Hence, the gender breakdowns appear to be similar to the 
general diving population. The significantly higher age of 
the responders with medical conditions is consistent with 
the increased incidence of co-existing disease with age.7–10
Although the mean BMI of respondents with conditions 
was higher, the absolute difference between the groups was 
small and not clinically significant. However, there was a 
significantly higher proportion of obese divers in the cohort 
with medical conditions. This is consistent with data from 
the general population that indicate an association between 
the presence of significant health conditions and being 
overweight or obese.15–18  The older age of the respondents 
with conditions may contribute to the higher proportion of 
obese divers in this group. The proportions of those with 
medical conditions who were overweight or obese are 
very similar to those in a cohort of divers from the United 
Kingdom (66%).19  However, the UK cohort (median age 
46) were not specifically known to have medical conditions.
This could indicate that UK divers are more likely to be 
overweight or obese than our responders without conditions; 
or could reflect a reporting bias. Alternatively, the cohort of 
346 divers reported in an earlier study had lower BMIs than 
all of the above-mentioned groups with 46.8% overweight 
or obese. This was likely due to the substantially lower 
Group
No condition (n = 1,437) Medical condition (n = 268) P-value
Years diving, median (IQR) 11 (5, 21) 12 (6, 22) 0.79
Qualifications n (%)
OW only 304 (21) 71 (27) 0.05
OW+ 420 (29) 89 (33)
Tech 174 (12) 30 (11)
DM 237 (17) 42 (16)
Inst 254 (18) 32 (12)
Comm 48 (3)* 4 (1)*
Total dives, median (IQR) 300 (120, 800) 350 (150, 850) 0.37
Dives in past year, median (IQR) 30 (20, 60) 30  (20, 50) 0.82
Time since last dive (months, %)
< 1 58 54 < 0.001
1–6 34 22
6–12 6 17
> 12 2 7
Depth > 30 m (%), median (IQR) 10 (3, 25) 10 (3, 25) 0.77
Decompression (%), median (IQR) 1 (0, 5) 1 (0, 5) 0.93
Technical (%), median (IQR) 0 (0, 5) 0 (0, 5) 0.17
Repetitive (%), median (IQR) 90 (50, 100) 75 (25, 95) < 0.001
Table 3
Diving history and characteristics of survey participants; OW − open water diver; Tech – technical diver; DM − divemaster; Inst − 
instructor; Comm − commercial diver; > 30 m − dives deeper than 30 metres; * hold commercial qualifications but still dive recreationally
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age of the cohort, of which 83% were aged 50 years or 
less; compared to 40% in the MCS group and 58% of the 
GDMS group.
Both groups rated their fitness similarly. However, this must 
be interpreted with caution as self-reported fitness, especially 
without further questions about specific activities, does not 
always correlate well with that measured objectively.20–22 
The higher incidence of medication use among those 
with medical conditions was expected, given the type of 
conditions examined, such as hypertension and cardiac 
disease,23,24 whereas in the 2002 study of a younger cohort 
only 13% reported taking regular medication.5  The types of 
medications used will be discussed in a subsequent report 
that will detail the various conditions. However, given the 
rarity of testing medications under hyperbaric conditions and 
the effect of certain medications on circulation and cardiac 
function, medication usage in divers is an area deserving 
more scrutiny.
Only 4% of those with conditions were current smokers, 
compared to 7% of those without. This is consistent with 
data from UK divers19, and lower than the 11.3% reported 
in 2002.5  It compares favourably with the percentage of 
smokers in the general population (approximately 13% in 
2013 in both Australia and Singapore, the main bases of 
DAN AP membership at the time of the surveys).25,26  This 
is likely the result of the increased awareness in recent years 
of the adverse effects of smoking on cardiovascular and 
pulmonary health, especially in those with existing health 
conditions. The smoking rate in the general population in 
Australia has steadily declined in the past decade and this is 
likely reflected in the data from the diver surveys.25
The groups did not differ in the number of years of diving; 
30% of each group had dived for 20 years or more, which 
is consistent with both the relatively high responder ages 
and recent PADI data which indicate a median certification 
age of 29 years.14  The median number of years of diving is 
also very similar to the 11 years  reported in the previously-
mentioned UK survey.19
The generally higher level of certifications in the divers 
without medical conditions suggests that the presence of a 
medical condition could be a disincentive or barrier to the 
pursuit of leadership-level diving qualifications. With these 
qualifications, there is a greater focus on fitness-to-dive 
issues. The reason why those without medical conditions 
participated in more repetitive diving is unclear, especially 
given that there was little difference in the proportions 
of deeper (> 30 metres), technical or decompression 
diving, or in the reported level of diving activity. Although 
speculative, this may reflect the older age of those with 
medical conditions and an acceptance of their potential 
vulnerability due to the condition and the desire not to push 
their physical limits.
The presence of a persistent foramen ovale (PFO) is 
known to increase the risk of neurological, cutaneous and 
vestibular DCI.27,28  The higher incidence of DCI among 
those with medical conditions is likely due to the relatively 
high proportion of subjects with a diagnosed septal defect, 
predominantly PFO. Fatality data from both Australia and the 
USA point to an increase in the proportion of cardiac-related 
disabling injuries in divers.11,12,29  Some of the victims were 
aware of their medical condition and were under treatment 
at the time. However, in many victims, the condition was 
undiagnosed and only became apparent at autopsy. There 
is a need for further research into the medical and diving 
histories of diving fatality victims for comparison with 
survivor groups, such as those in this study, in order to better 
evaluate the risk of diving with such medical conditions.
This study has several limitations:
• DAN AP members are probably not typical of the
diving population at large. They are likely older with the 
associated increased likelihood of co-existing disease,
have more available funds, may travel more, and may
better understand their potential vulnerability and the
need and benefits of having appropriate insurance.
• Some applicants for DAN membership may have been
reluctant to declare medical conditions for fear of it
affecting their ability to obtain or retain insurance
coverage, although it was made clear that failure to
declare a relevant condition may nullify coverage. As a
result, there were likely to have been more than the 833 
members invited to join the MCS who were suffering
from the targeted health conditions. This is supported
by the fact that around 20% of respondents to the
anonymous GDMS reported having such a condition.
• Respondents to both surveys were older than non-
respondents and some selection bias may have been
introduced. Therefore, some results may not be
representative of the entire DAN AP membership.
• The nature of some of the more historical questions may
have introduced a recall bias.
• Many responses were excluded in the MCS survey due
to missing replies to certain questions. This would have 
been improved if the survey had been designed requiring 
responses to certain key questions. Survey Monkey, used 
for the GMDS, was more user-friendly and reliable and 
there were consequently fewer lost responses.
Conclusions
A large proportion of DAN AP members are diving with 
potentially significant medical conditions. These members 
appear to be older, more obese, take more medication and 
smoke less than other members. There were few major 
differences in the nature or pattern of diving between divers 
with and without medical conditions, excepting that those 
with medical conditions did less repetitive diving. Also, a 
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greater proportion of divers with a history of intracardiac 
shunts had suffered DCI. The increased proportion of 
older divers, the higher likelihood of co-existing disease 
with age, and the fact that older divers with co-existing 
health conditions (particularly cardiac conditions) are 
increasingly represented in diving fatality reports indicate a 
need for further research into the impact of various medical 
conditions on divers in order to better determine the level of 
risk associated with these. Future reports from this project 
will examine the cohorts with particular conditions and what 
actions they take, if any, to accommodate these.  
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Abstract
(Lippmann J, Taylor D McD, Stevenson C, Williams J, Mitchell SJ. Diving with pre-existing medical conditions. Diving 
and Hyperbaric Medicine. 2017 September;47(3):180-190.)
Introduction: This is the second report based on a survey of Divers Alert Network Asia-Pacific (DAN AP) members 
who dive with cardiovascular and respiratory conditions and diabetes. It examines the medical management of the divers’ 
conditions, any diving modifications used to mitigate the risk and outcomes.
Methodology: An online cross-sectional survey was sent to 833 divers who had declared a targeted medical condition when 
applying for DAN AP membership between July 2009 and August 2013. 
Results: Two-hundred-and-sixty-eight respondents (32%) provided sufficient information on their conditions to be included 
in the analyses. These included ischaemic heart disease (31), arrhythmias (20), cardiac septal defects (31), other cardiac 
conditions (10), hypertension (127), diabetes (25), asthma (40) and pneumothorax (5). Forty-nine per cent had sought 
specialist diving medical advice about their condition and 23% reported modifying their diving practices to mitigate their 
risk. The cohort had completed 183,069 career dives, 57,822 of these since being diagnosed with their medical condition. 
There were 27 individuals who reported having decompression illness (25 of whom were subsequently diagnosed with a 
persistent foramen ovale), and two individuals who experienced an arrhythmia during diving.
Conclusions: Some DAN AP members are diving with medical conditions which could potentially impact the safety 
of their diving. A minority modified their diving practices to mitigate the risk of their condition and approximately half 
sought specialist diving medical advice. The incidence of diving-related problems precipitated by known and managed 
pre-existing health conditions seems low but further studies of larger cohorts and incorporating fatality data would be 
necessary to confirm this. These results are limited by the 32% response rate and potential for bias towards selection of 
those most careful with their health.
Introduction
Medical conditions such as asthma, diabetes and many cardiac 
conditions were long considered absolute contraindications 
to scuba diving.1–3  Some sufferers have ignored such 
advice and, over time, diving medical organisations have 
progressively modified their advisories on diving with 
conditions such as asthma and diabetes to allow candidates 
meeting certain criteria to dive. As a result, it seems likely 
that an increasing number of divers with these and other co-
morbidities, including a variety of cardiovascular conditions, 
are diving. This has created an increasing need to learn more 
about the medical conditions of active divers, how these are 
managed and the impact, if any, that these conditions may 
have on diving practices and experiences.
This is the second report from a study investigating Divers 
Alert Network Asia-Pacific (DAN AP) members with 
declared cardiovascular and respiratory conditions and 
diabetes (targeted conditions). The first report provided 
information about the demographics, diving history and 
activity of members with the targeted conditions and 
compared these to members without these conditions.4  This 
article more closely examines the medical management of 
the divers’ conditions, and how these divers modify their 
diving practices (if at all) in an attempt to mitigate the risk 
of a diving incident consequent upon their medical condition.
Methods
Ethics approvals were received from the Human Research 
Ethics Committees of Austin Health and Deakin University, 
both in Victoria, Australia. An anonymous, online, cross-
sectional medical conditions survey (MCS) was conducted 
on a cohort of 833 DAN AP adult (> 18 years old) 
members. The divers had joined DAN AP between 01 July 
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2009 and 01 August 2013 and had, at the time of joining, 
declared that they suffered from hypertension, diabetes, 
respiratory or cardiac conditions. The cardiac conditions 
mainly comprised ischaemic heart disease (IHD) (previous 
myocardial infarction and angina), arrhythmias, and septal 
defects (i.e., persistent foramen ovale (PFO) and atrial and 
ventricular septal defects). These self-reported diagnoses 
were interpreted at face value.
An invitation to participate in the survey was sent to these 
members in August 2013, a reminder was sent in October 
2013 and the survey was closed in December 2013. No 
inducements to participation were offered. Invitees were 
assured of their anonymity and that responding or otherwise 
would have no impact on their insurance status.
The MCS consisted of a two-part questionnaire. The first 
part sought details of the respondents’ demographics and 
diving activity. The second part focused on their targeted 
medical condition and its management. There were also 
specific questions about any impact these conditions had on 
the respondents’ diving practices and any adverse incidents 
that had occurred. The questionnaires are available at <http://
www.danap.org/research/med_conditions/>.
All invitees were able to access the first part of the 
questionnaire, as well as the set of questions relating to 
their declared condition(s). Participants were invited to enter 
their responses directly into an online, dedicated, structured 
query language (MySQL) database (Oracle, Redwood CA).
STATISTICAL ANALYSIS
Responses were downloaded into MS Excel® (Microsoft 
Corporation, Redmond WA) for collation. Respondents 
reporting more than one relevant condition (e.g., hypertension 
and diabetes) were included in the analysis for each relevant 
condition. A descriptive analysis based on means and 
standard deviations or median and ranges as appropriate 
was conducted using SPSS Version 22 (IBM, Armonk, 
NY; 2013). A conservative minimum required sample size 
was calculated using the NSS online calculator,5 assuming 
a proportion with any specific characteristic of 0.5 and a 
confidence interval of ± 0.05. The minimum sample size 
required was calculated to be 263.
Results
Three-hundred-and-forty-three of 833 divers (41.2%) who 
had reported a targeted medical condition in their DAN 
membership application responded to the questionnaire. 
Two hundred and sixty-eight (32.2% of invitees) of the 
respondents (78.1%) provided sufficient information for 
inclusion in the study. The mean (SD) age of the invitees was 
50 (12) years and 73% were males. By comparison, the mean 
(SD) age of the respondent cohort was 52.4 (12) years and 
the proportion of males was 70%. Twenty-one respondents 
had multiple conditions. Males were in the majority for all 
diagnostic subgroups except septal defects (10 of 31 male). 
The mean (SD) age for males was 53.5 (11.8) years, and 
for females 48.7 (12.4) years (Table 1). The overall mean 
(SD) body mass index (BMI) was 27 (4) kg.m-2. Males had a 
mean (SD) BMI of 28 (4) kg.m-2 and females 26 (4) kg.m-2.
The medical conditions of interest were cardiac conditions 
(92 cases), hypertension (127), diabetes (25) and respiratory 
conditions, predominantly asthma (45).
Overall, these divers reported a median (interquartile range, 
IQR) of 350 (150, 800) total dives over a median time of 
12 (6, 22) years, with a median of 150 (60, 350) dives done 
post-diagnosis. Males had dived much more frequently than 
females (median total dives of 1,000 (388, 2,125) and 400 
(225, 1,000) respectively). Details of their diving histories 
and activities are reported in Table 2. These 268 divers had 
completed 183,069 career dives including 57,822 since 
being diagnosed with their medical condition. Other than 27 
individuals with decompression illness (DCI) (25 of whom 
were subsequently diagnosed with a PFO) and two cases 
of arrhythmias (see later), they reported no other relevant 
adverse events from diving.
Table 1
Demographic information of 268 individual divers with 289 targeted medical conditions (some with multiple conditions); 
BMI – body mass index; IHD – ischaemic heart disease; N/A −not applicable; * single case; mean (SD) shown for age and BMI
Medical condition
Group IHD Arrhythmia Septal defect Cardiac Hypertension Diabetes Asthma Pneumothorax Total
(n = 31) (n = 20) (n = 31) (other, n = 10) (n = 127) (n = 25) (n = 40) (n = 5) (n = 289)
Sex
M/F 28/3 16/4 10/21 6/4 102/25 19/6 24/16 5/0 187/102
Age (yrs)
All 59.1 (7.2) 60.1 (13.6) 45.5 (10.7) 47.3 (11.7) 56.8 (9.4) 54 (11) 40.3 (12.4) 48.4 (12.1) 52 (12) 
Male 58.3 (6.7) 63.0 (8.8) 49.2 (8.9) 46.8 (14.1) 56.6 (9.7) 56.1 (10.1) 40.5 (13.9) 48.4 (12.1) 53.5 (11.8) 
Female 71.0 (0)* 43.5 (18.2) 46.6 (11.0) 48.0 (8.7) 57.2 (8.5) 53.8 (9.2) 40.0 (10.1)           N/A  48.7 (12.4)
BMI (kg∙m-2)
All 29.1 (4.2) 25.8 (4.2) 25.6 (3.6) 24.7 (4.9) 28.1 (3.8) 29.4 (5.1) 25.8 (3.7) 27.0 (2.2) 27.3 (4.2) 
Male 29.3 (4.1) 26.5 (4.2) 27.8 (3.0) 24.2 (3.8) 28.4 (3.8) 29.7 (4.8) 26.4 (4.3) 27.0 (2.2) 28.0 (4.2) 
Female 23.8 (0)* 22.1 (1.1) 24.5 (3.4) 25.2 (6.9) 26.6 (3.5) 28.3 (6.5) 25.0 (3.0)            N/A 25.5 (3.8)
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Table 3 shows relevant interventions, where reported, categorized as 
medication, surgery, changes in diving practice, and diving medical 
consultation. Specific interventions and activities are discussed by 
condition in the commentary below.
ISCHAEMIC HEART DISEASE (IHD)
These were divers who reported a previous myocardial infarction (MI) 
(22 divers), angina (10), “coronary stent” (without reference to the 
indicating symptoms or event) (2), “coronary artery bypass graft” 
(again, without reference to the indicating symptoms or event) (1), 
and “partially occluded coronary artery” (without explanation of the 
indication for an angiogram) (1). Fifteen of the 31 respondents with IHD 
reported co-morbidities of hypertension, diabetes and/or arrhythmia. 
Corrective interventions included stenting (13) and coronary artery 
bypass (6). The median (IQR) time since intervention was 5 (2.5, 8) 
years. These 19 respondents reported having done a total of 8,622 dives 
since intervention (including one male instructor and technical diver 
with 4,000 dives) with a median (IQR) of 100 (60, 250) dives. Relevant 
medications included statins (18), antihypertensives (14), antiplatelet 
agents (9), beta blockers (6) and anticoagulants (1). No respondents 
reported current chest pain or precipitation of cardiac-related symptoms 
during diving.
ARRHYTHMIA
Reported arrhythmias included atrial fibrillation (AF) (9 divers), 
ventricular tachycardia (3), supraventricular tachycardia (SVT) (3), 
first degree heart block (1), unspecified heart block (1) and unifocal 
ventricular ectopics (1). Two conditions were unspecified. One 
respondent (a male with Advanced and Enriched air certifications) had 
corrective surgery, an ablation for SVT, and had subsequently done 
more than 700 incident-free dives. Relevant medications included beta 
blockers (7), anticoagulants (2) and antiplatelet agents (2). One diver 
reported taking the antiarrhythmic flecainide.
Two respondents reported having experienced symptoms from their 
arrhythmia during diving. One of these, diagnosed with SVT, had two 
SVT-type events while exerting himself on the surface post-diving. The 
other, diagnosed with AF which was generally well-controlled, went 
into AF during a dive. On another occasion, this diver had an unrelated 
episode of “very mild” DCI (symptoms unspecified).
SEPTAL DEFECTS
Of the 31 respondents with a septal defect, 27 reported a PFO, three an 
atrial septal defect (ASD) and one a ventricular septal defect (VSD). 
The median (IQR) number of dives conducted prior to diagnosis of a 
septal defect was 438 (252, 763). The relative proportions of technical 
and decompression diving among respondents with known septal defects 
was higher than for the remainder of the cohort, albeit still generally low.
The total years’ diving were similar for divers with a PFO or an ASD 
(10 (7.8, 18) versus 9 (7, 18.5) respectively) . However, divers with a 
PFO had done more dives than those with an ASD before diagnosis; 400 
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(224, 775) vs. 240 (140, 345) respectively. The diver with a 
VSD had been diagnosed prior to beginning to dive, had no 
intervention and had done 130 uneventful dives at the time 
of this survey. Twenty-five of the 31 respondents with septal 
defects had suffered DCI prior to discovery of their defect 
which is unsurprising because it is DCI events that typically 
provoke investigation for such lesions. These accounted 
for 25 of the 27 respondents with medical conditions who 
reported having DCI over the course of their diving careers.
Twenty-five of the 31 respondents underwent surgery 
to insert a closure device and, of these, 22 reported an 
effectively-closed shunt. These 25 respondents who 
underwent closure had undertaken 15,849 dives prior to the 
intervention with 23 individuals suffering DCI. After closure, 
they had completed 2,771 dives with only one individual 
(who was among the 22 who reported an effectively closed 
shunt) having a recurrence of DCI (several episodes of skin 
rash only). This individual exhibited no residual shunt in 
his post-procedure echocardiogram and has completed over 
1,000 dives since.
One respondent reported taking long-term aspirin since 
his PFO closure. Medications taken by three others were 
unrelated to their septal condition.
OTHER CARDIAC CONDITIONS
Ten respondents reported having “other cardiac conditions” 
but only seven specified the condition (mitral valve prolapse 
(6) and heart murmur (1)). None of these seven reported 
taking medications, but one of the others was taking an 
anti-hypertensive agent.
HYPERTENSION
One-hundred-and-twenty-seven respondents reported having 
hypertension; the median (IQR) time since diagnosis of 
hypertension being 7 (4.5, 15) years. The main medication 
types reported included angiotensin II antagonists (43, 
34%), ACE inhibitors (41, 32%), calcium channel blockers 
(29, 23%) and ß blockers (13, 10%). The respondents with 
declared hypertension were asked to report their last blood 
pressure measurement, although it was not specified if this 
was measured by a healthcare professional or themselves. 
The mean (SD) reported systolic BP was 128 (9) and 
diastolic 78 (7).
Only one diver reported a general on-going problem 
associated with hypertension (headache) and none reported 
problems with diving as a result of their condition. One 
diver with hypertension also reported having had DCI but 
did not specify his symptoms. Perceived risks of diving with 
hypertension reported by the divers included cardiac events, 
stroke and decompression illness.
DIABETES
Twenty-five respondents reported diabetes. The mean (SD) 
BMI was 29 (5) kg.m-2 with four of normal weight, 13 
overweight and eight obese. The median (IQR) time since 
diagnosis was 7.5 (6, 11.5) years and the total number 
(range) of dives conducted since diagnosis was 9,143 (30 to 
3,500) dives. Four divers were insulin-dependent, 19 were 
controlled by oral medications plus diet and exercise, and 
two by diet and exercise alone. Medications reported were 
biguanides (19), sulfonylureas (6), insulin (4), dipeptidyl 
peptidase-4 inhibitors (4), alpha glucosidase inhibitor (1), 
meglitinide (1) and thiazolidinedione (1).
Only one respondent reported having ever been admitted to 
hospital as a result of their diabetes. Seven divers reported 
having self-managed a hypoglycaemic event (‘hypo’) in 
any context (none while diving), two of these having done 
so in the previous year. No respondent required the help 
of another person to manage their symptoms during the 
previous year. Of those who reported having a ‘hypo’, the 
median (IQR) time since the last ‘hypo’ was 2 (1.25, 2) years. 
Three respondents reported diabetes-related complications. 
These were cardiac, kidney disease and visual problems. 
Thirteen of the 25 had undergone an exercise ECG as part 
of their assessment.
Sixteen of the 25 diabetic respondents (including three of 
the four who were insulin-dependent) measured their blood 
glucose level (BGL) before diving, although none practiced 
strictly in accordance with the relevant guidelines of the 
South Pacific Underwater Medicine Society (SPUMS) or 
Undersea and Hyperbaric Medicine Society (UHMS).6,7 
The frequency of pre-dive measurement varied from one 
to three times, and the timing from 15 minutes to three 
hours before diving. The mean (SD) minimum BGL that 
these respondents reported to be acceptable before diving 
was 6.1 (1.6) mmol∙L-1 with a range of 3.5 to 10 mmol∙L-1. 
Five respondents changed their medication regimen prior 
to diving – three did not take their oral medications and 
two insulin-dependent divers reduced their insulin dose. 
Four respondents reported changing their mealtime to 
increase carbohydrate and sugar intake before diving. Only 
six respondents routinely checked their BGL post-diving 
(including two of the four insulin-dependent divers), only 
one of these doing so more than once. One insulin-dependent 
respondent reported checking his BGL hourly for three 
hours, while the other five respondents who routinely 
checked did so at periods of five minutes to several hours 
after diving.
Sixteen respondents reported being aware of the relevant 
guidelines and 10 of these indicated that these guidelines 
had influenced their diving practice. This included BGL 
monitoring, increased vigilance, greater medical oversight 
and careful buddy selection. Nine of the 12 respondents 
who consulted a diving doctor had periodic diving medical 
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reviews, at intervals of 6–12 months. Perceived risks 
reported by the diabetics included loss of consciousness 
in- or underwater, confusion and an increased risk of 
decompression illness.
ASTHMA
Forty respondents reported asthma. Twenty-eight of 30 
who answered the relevant question reported having been 
diagnosed with asthma before taking up diving. The median 
(IQR) time since diagnosis of asthma was 19 (13, 30) years. 
Eleven respondents had been admitted to hospital between 
one and four times, with the median (IQR) number of 
admissions being 1 (1, 2). The median (IQR) time since last 
admission was 16 (15, 23) years. The time since last asthma 
symptoms ranged from one week to 20 years with a median 
(IQR) of 2 (0.3, 10) years. Fifteen respondents had symptoms 
during the previous year including wheeze (13), reduced 
exercise capacity (9), dyspnoea (5) and increased sputum 
production (3). Identified asthma triggers were allergy (13), 
infection (8), cold (5) and stress (1). Thirteen respondents 
used ‘preventer’ medications, most often daily and 22 
used bronchodilators (in all cases salbutamol) either daily 
(5), monthly (5) or annually (12). There were no reported 
exacerbations of asthma while diving. The perceived risks 
from asthma reported by the divers included pulmonary 
barotrauma, dyspnoea and reduced exercise capacity.
PNEUMOTHORAX AND CHEST SURGERY
Five respondents reported having had a pneumothorax
one to five years previously. All were divers at the time 
of their event. Few condition-specific data were provided 
by two of the divers so the following is based on the three 
others. All were left-sided; two were trauma-related and 
were managed with a chest drain. The other was spontaneous 
and required no treatment. The two with trauma-related 
injuries underwent subsequent CT scans (one specifically 
for informing future diving) while the respondent with the 
spontaneous event did not. Subsequently the spontaneous 
pneumothorax victim had conducted 20 dives, whilst the two 
traumatic pneumothorax victims had completed 30 and 200 
dives with no reported problems. Another respondent had a 
pulmonary lobectomy to remove cancer 11 years prior. He 
underwent a subsequent CT scan and returned to diving after 
consultation with a diving doctor. He subsequently had done 
750 incident-free dives.
MEDICATIONS
One-hundred-and-fifty-one respondents reported taking a 
total of 337 medications. The main classes of medications 
taken are shown in Table 4. The full list of individual drugs 
is available on request from the corresponding author at
<johnl@danap.org>.
DIVING MODIFICATIONS
Sixty-two (23%) respondents reported having directly 
modified their diving practice. It is possible that this is an 
under-estimate as many failed to respond to this question. 
Reported modifications included:
• exertion avoidance (MI, angina, arrhythmia);
• stress avoidance (MI, angina, asthma);
• reduced depth (MI, angina, septal defect );
• use of nitrox, more conservative dive profiles, padding
decompression time or safety stops to be longer than
prescribed by tables or computers, longer surface
intervals (septal defects);
• less repetitive diving, especially true of the respondents 
with septal defects who engaged in a much lower
proportion of repetitive dives than most of the other
groups;
• careful buddy selection and briefing (diabetes,
arrhythmia);
• avoidance of cold water (arrhythmia, asthma);
• reduced ascent rate (septal defects, pneumothorax).
In addition to the above actual diving modifications, some 
respondents also reported:
• increasing vigilance for symptoms before, during and
after diving (arrhythmia, diabetes, asthma);
• adjustment of their medication (diabetes, asthma).
Table 4
Classes of medications from 151 respondents (some used multiple 
medications); * % based on 337 reported drugs used by 151 
respondents; # includes two respondents on clopidogrel; table 
does not include medications taken by less than three respondents
Class Frequency  (%)*
Statins 51 (15) 
Angiotensin 2 receptor antagonists 43 (13) 
ACE inhibitors 41 (12) 
Calcium channel blockers 29 (9) 
Bronchodilators 22 (7) 
Biguanides 19 (6) 
Diuretics 17 (5) 
Antiplatelet agents# 16 (5) 
ß blockers 15 (4) 
Inhaled glucocorticoids 13 (4) 
Proton pump inhibitors 12 (4) 
Sulfonylureas 6 (2) 
Insulin replacement 4 (1) 
Dipeptidyl peptidase-4 inhibitor 4 (1) 
serotonin reuptake inhibitors 3 (1) 
Serotonin-norepinephrine reuptake
inhibitors 3 (1) 
Non-steroidal anti-inflammatories 3 (1) 
Anticoagulants 3 (1) 
Thyroxine replacement 3 (1)
Total 307 (91)
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Discussion
This study identified the characteristics, behaviours 
and outcomes of active divers with significant medical 
conditions. Despite our focus on some conditions that 
are perceived to significantly impact on diver safety, and 
setting aside the 25 cases of DCI occurring in divers with 
unrepaired septal defects, our respondents reported only five 
other significant adverse events in over 183,000 career dives, 
57,000 of which occurred post-diagnosis and 13,000 over the 
year immediately preceding completion of the questionnaire. 
This is not surprising as, in many cases, the conditions had 
been or were being appropriately managed (e.g., closure of 
septal defects, coronary stenting, coronary bypass grafting, 
effective glucose control in diabetes) and that specific risk 
mitigation measures had sometimes been introduced to their 
diving practice. Although our numbers are small and these 
voluntarily reported data deserve cautious interpretation, our 
findings are generally supportive of an argument that these 
diagnoses per se are not necessarily contraindications to 
diving as they have frequently been considered in the past.
ASTHMA
Traditionally one of the greatest controversies in fitness to 
dive discussions involved asthma which, for a long time, was 
regarded as a complete contraindication to diving. Common 
triggers associated with the diving environment include 
exercise, cold, the breathing of cold, dry air, anxiety and 
salt water aspiration. An exacerbation while diving creates 
the potential for gas trapping and pulmonary barotrauma, as 
well as the potential for drowning as a result of dyspnoea.
Various surveys of diving cohorts in Australia, the United 
Kingdom (UK), the United States (USA) and of German-
speaking divers have indicated a prevalence of active asthma 
in approximately 3−9% of respondents.4,8–12  There have 
been reports of pulmonary barotrauma and arterial gas 
embolism in asthmatics,8,13 but the extent to which asthma 
materially increases the risk of barotrauma remains unclear. 
A survey of DAN America members13 appeared to indicate 
an increased risk of DCI in those with asthma, while a U.K. 
report8 did not. Our respondents diagnosed with ‘asthma’ 
reported no related problems in 7,613 dives. Given the 
small numbers it is difficult to categorise this as anything 
other than ‘reassuring’, but like others, we see no signal of 
increased risk in our data.
Nevertheless, there are sufficient grounds for believing 
the risk is more than merely theoretical. A prospective 
study of 100 UK divers reported that 20 who would have 
been excluded, based on prevailing selection criteria,14 had 
problems during diving including wheezing underwater.15 
Moreover, there are reports of diving fatalities that were 
directly attributed to asthma.16,17  The absence of related 
problems in ours and other's data may indicate that the 
risks of diving, particularly in mild asthmatics, is small or 
that most divers manage their asthma and diving activities 
adequately.
In our cohort of 40 divers, 37 had consulted a diving 
physician about their asthma. This would have allowed both 
optimisation of their condition and discussion of how best 
to manage it in relation to diving. Various diving medical 
guidelines are available (including those of SPUMS18) to 
guide both the physician and the diver in this setting, and all 
divers with asthma are well-advised to have a diving medical 
assessment by a doctor with relevant training.
DIABETES
Historically, diabetes mellitus, especially in its insulin-
dependent form, has been considered an absolute 
contraindication to diving. The main concern is the 
consequences of reduced mentation or unconsciousness 
because of hypoglycaemia during diving. Blood glucose 
levels (BGLs) do fall with diving and such falls could be 
substantial and potentially dangerous under demanding 
conditions. Other concerns include diabetes-related end-
organ damage, especially co-existing cardiac disease.
However, in 1991, the UK Sports Diving Medical Committee 
softened its position and the British Sub-Aqua Club (BSAC) 
and some other UK-based certification agencies led the 
way in enabling selected diabetic divers to dive, albeit with 
some restrictions. Several studies have subsequently been 
conducted to monitor the habits and blood glucose levels of 
divers with diabetes before, during and after real or simulated 
diving exposures.19–23  The accumulation of these data, with 
an associated low incidence of related problems, suggests 
that people with diabetes can dive safely provided risks are 
managed effectively by appropriately educated individuals.
As a result, the prohibition on diving with diabetes has eased 
and more individuals with diabetes are diving, preferably 
under the general oversight of their endocrinologist as well 
as a diving physician. In a 2000 survey of 346 experienced 
Australian divers, only one respondent (0.2%) reported 
having diabetes.10  However, in 2014-15, 21/1,119 (1.9%) 
DAN AP members, 8/350 (2%) PADI members and 9/806 
(1%) of PADI-certified divers (most of whom did Open 
Water Diver courses in the previous four years) who 
responded to a general diving activity survey reported having 
diabetes (unpublished DAN AP data). Although survey data 
are subject to a variety of limitations including response bias, 
this likely indicates an increase in the number of diabetic 
divers in Australia.
A 2005 workshop sponsored by the UHMS and DAN led to 
the development of guidelines for recreational diving with 
diabetes mellitus.7  These guidelines describe protocols for 
diver selection and management of insulin during a day of 
diving. Although they have been largely endorsed by several 
diving medical organisations (including SPUMS), there are 
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few data describing their uptake and utility.24  Only 16 of the 
25 respondents with diabetes were aware of the UHMS/DAN 
or SPUMS guidelines and none reported strictly following 
them. Of concern is the substantially lower mean minimum 
pre-dive blood glucose level (BGL) of 6.1 mmol.L-1 in this 
study, versus 8.3 mmol.L-1 recommended by UHMS/DAN, 
or 9.0 mmol.L-1 recommended by SPUMS. However, this 
must be interpreted cautiously. Our BGL data are derived 
from all respondents (including diabetics who do not use 
insulin) whereas the quoted recommendations apply to 
insulin-dependent diabetics. In addition, less than half of 
the respondents had consulted a diving doctor and fewer had 
periodic diving medical reviews. These findings identify an 
educational opportunity for improving practice but it is not 
obvious how diabetic divers or prospective divers can be 
encouraged to engage with a diving doctor. At the very least, 
we recommend that those who do so should be provided with 
the SPUMS or DAN/UHMS guidelines and strongly urged 
to follow the practice recommendations contained therein.
SEPTAL DEFECTS
There are few available data on diving with most cardiac-
related conditions. One exception to this is PFO which has 
received considerable attention and has been identified as 
a risk factor for cutaneous, inner ear, cerebral and spinal 
DCI.25–28  Twenty-five of the 27 respondents who reported 
having DCI were diagnosed with an intra-cardiac right-to-
left shunt, predominantly a PFO. This was the only group 
with a higher proportion of females, although there appears 
to be no evidence of a higher incidence of PFO in women.29 
Overall, this group was relatively young and did more 
decompression and technical diving. It is plausible that these 
diving activities result in higher venous gas emboli loads, 
therefore making the diving-related clinical complications 
of a septal defect more likely, which in turn makes it more 
likely that the defect will be detected.
Subsequent risk management through surgical intervention 
and/or changes to diving practice (e.g., our respondents 
reported less repetitive diving than other cohorts) appear to 
have been very successful. Similar results were reported in 
a study of UK divers.30  Twenty-two of the 28 respondents 
with a PFO in that study had been diagnosed after an episode 
of DCI; 20 divers had a surgical closure and 16 returned 
to diving. Those who continued to dive without closure 
successfully adopted more conservative diving practices 
similar to those used by the Australian cohort.
CARDIAC CONDITIONS AND HYPERTENSION
Factors such as central fluid shifts caused by immersion, 
exercise, cold-induced vasoconstriction, changes in 
gas density, static lung loads and psychological stress 
can increase cardiac preload, afterload, heart rate and 
myocardial work. Based on first principles, this would make 
a myocardial event more likely in predisposed individuals. 
A study of 947 recreational scuba diving fatalities indicated 
that a myocardial event was the likely disabling injury 
in 26% of the deaths.31  Not surprisingly, fatality reports 
suggest that risk increases in older divers and in males.32,33 
UK fatality data show an increasing incidence of cardiac-
related incidents against a background of an ageing diving 
population.34,35
Recent data suggest that 22% of Australians over 18 years old 
had one or more cardiovascular diseases with the prevalence 
being greatest in older age groups.36  It is inevitable that 
individuals with various degrees of cardiovascular disease 
are diving. A survey of Australian divers in 2000 suggested 
that this applied to 5.7% of respondents.10  More recent 
DAN AP survey data indicate that this may have been an 
underestimation or has subsequently increased, suggesting 
a prevalence of 9% in recently certified divers and 12–17% 
in predominantly older, long-time and experienced divers 
(unpublished DAN data).
It is clear that cardiac disease is prevalent and represents 
a very real risk in diving and snorkelling,31 especially if 
it is poorly-managed. On the basis of witness reports and 
evidence of cardiac disease or abnormality at autopsy, 
many diving deaths have been attributed to arrhythmias.37–44 
However, in the absence of a definitive post-mortem test this 
remains speculative. These Australian data also reveal that, 
although some victims were under treatment for cardiac 
disease at the time of their demise, in many their condition 
was undiagnosed. Any condition that increases the risk of 
arrhythmia and/or myocardial ischaemia may compromise 
safety and needs to be thoroughly investigated, preferably 
with involvement of a diving medical specialist. In this 
study, only 21 of 51 divers with ischaemic heart disease or 
arrhythmia reported having consulted a diving physician. 
A UK study also reported a low rate of diving medical 
consultation in those with cardiac disorders.30
Arrhythmias
A consensus discussion on cardiac disease during the 
2010 DAN Fatality Workshop included a recommendation 
for automatic exclusion from diving for those with 
“arrhythmias causing impairment of exercise tolerance 
or consciousness”.45  Fitness-to-dive considerations for an 
individual with arrhythmias should include factors such as 
the nature of the arrhythmia, the frequency and effect of 
episodes, the presence and type of causative disease, the 
treatment used and its success.  In addition to considering 
the likelihood of an episode while diving, it is important 
to consider the potential adverse effects of medications, 
including the potential for reduced exercise capacity 
associated with beta-blockers or the potential for increased 
bleeding associated with anticoagulants.
Two of this survey’s respondents with arrhythmias (20) 
reported at least one episode while diving, fortunately 
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without injury. Most were well-controlled by medication 
and under diving medical oversight, but about two-thirds 
reported that they had not modified their diving practices 
(e.g., by avoiding exertion, cold water, mandatory 
decompression) in response to their condition.
Ischaemic heart disease
In this survey, 19 of the 31 respondents with IHD had 
undergone revascularisation although the degree of success 
is unknown. Complete revascularisation with restored 
exercise capacity without ischaemia may enable relatively 
safe diving in low-stress environments.46  However, only 10 
of the 31 divers reported changing their diving behaviour. 
The divers with IHD were experienced, long-time divers 
and this might explain a reluctance to change established 
patterns. Only two of the 10 divers who reported having had 
angina had sought specific diving medical advice or changed 
their diving practices.
Hypertension
Given that hypertension was the most frequently managed 
problem in Australian general practice during 2013−14,47 it is 
not surprising that respondents with hypertension represented 
the largest subgroup in this study. The majority (93 of 127, 
73%) of hypertensive respondents were on a blood pressure 
control regimen. This contrasts with a UK study in which 
fewer (50%) of the divers with the diagnosis of hypertension 
took medications, the most common being ACE inhibitors 
and angiotensin-II antagonists.30  None of the hypertensive 
divers in this study reported problems with diving over a 
total of 32,840 dives. Similarly, despite potential adverse 
effects of some medications used to manage hypertension,48 
none were reported. The most common antihypertensives 
used were angiotensin II receptor antagonists, which have 
been suggested as the preferred agents for the treatment of 
hypertension in divers.48
Medical screening
Current diving medical screening guidelines recommend a 
cardiovascular review for all males at age 45 and females at 
age 55 years.45  Active or prospective divers should follow 
this advice; in any case, consult a diving medical physician 
in the event that they suffer from any significant chronic or 
acute medical condition that could be impacted by diving. 
Overall, only about half of this group had consulted a diving 
physician about their medical condition. Presumably many 
of the remainder may have discussed their circumstances 
with their general practitioner or specialist. However, in 
the experience of these authors, in the absence of specific 
diving medical knowledge, it is likely that some of the 
potential triggers of the diving environment may not have 
been sufficiently considered.
LIMITATIONS
This study has several limitations:
• The response rate of 32% may have introduced a
response bias.
• The results are based on a survivor group of divers and
fail to account for diving fatality victims with similar 
conditions that might have contributed to their demise, 
as well as divers who may have survived an event and 
stopped diving as a consequence. Therefore, the study 
sample may be biased towards milder forms of these 
conditions.
• DAN AP members are probably not typical of the
general diving population. They are likely to be older, 
have an increased likelihood of co-existing disease, have 
more available funds, may travel more and may better 
understand their potential vulnerability and the need for 
and benefits of having appropriate insurance.
• Some applicants for DAN membership may have been
reluctant to declare medical conditions for fear of it 
affecting their ability to obtain or retain insurance 
coverage, although it is made clear that failure to 
declare a relevant condition may nullify coverage. As a 
result, there were likely to have been more than the 833 
members invited to join the MCS who were suffering 
from the targeted health conditions. In addition, 
although the survey was anonymous, it is possible that 
there may have been divers reluctant to disclose diving 
incidents owing to concern that their insurance cover 
might be affected. If so, this is another potential source 
of bias.
• The nature of some of the more historical questions may
have introduced a recall bias.
• Many responses were excluded from the analysis due
to missing replies to certain questions.
• The number of dives performed by divers with particular 
conditions is relatively small for the purposes of an 
epidemiological evaluation. Our ability to interpret the 
associated risks is therefore limited.
Conclusions
These results are limited by the 32% response rate and 
potential for bias towards selection of those most careful 
with their health. However, a substantial minority of DAN 
AP members are diving with medical conditions such as 
cardiac conditions, hypertension, diabetes and asthma 
which could potentially impact the safety of their diving. 
Many of the conditions were controlled by medications, 
several of which could themselves have adverse effects 
while diving. Surgical intervention was common for divers 
diagnosed with a PFO or ischaemic heart disease.  Only 
one quarter of the divers reported modifying their diving 
practices to accommodate their condition, and only half 
had sought specialist diving medical advice. Despite the 
obvious concerns, our respondents with known and largely 
managed medical problems have dived with very few 
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incidents associated with their conditions. Conclusions based 
on survivor populations must be cautious and our numbers 
remain relatively small, but it does seem that, if these 
medical conditions are identified and managed appropriately, 
the risks associated with diving may be acceptable. More 
research with larger cohorts is needed to better understand 
the risks in an ageing comorbid diving population.
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For  each  year’s  fatalities,  the  data  from  the  various  searches  are  compared  and 
collated to confirm the identities of the victims and to minimise the risk of over‐ or 
under‐reporting. Periodic comparisons between the NCIS and all other data sources 
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Measure  All (n = 393)  Male (n = 323)  Female (n = 70) 
Mean (SD), yrs  37.7 (13.5)  38.1 (13.7)  35.8 (12.6) 
Median (IQR), yrs  36.5 (37, 47)  37 (27, 48)  34.5 (24, 46) 
Range, yrs  13 ‐ 72  13 ‐ 72  18 ‐ 65 
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Estimating the risk of a scuba diving fatality in Australia
John Lippmann, Christopher Stevenson, David McD Taylor and Jo Williams
Abstract
(Lippmann J, Stevenson C, Taylor D McD, Williams J. Estimating the risk of a diving fatality in Australia. Diving and 
Hyperbaric Medicine. 2016 December;46 (4):241-246.)
Introduction: There are few data available on which to estimate the risk of death for Australian divers. This report estimates 
the risk of a scuba diving fatality for Australian residents, international tourists diving in Queensland, and clients of a large 
Victorian dive operator.
Methodology: Numerators for the estimates were obtained from the Divers Alert Network Asia-Pacific dive fatality database. 
Denominators were derived from three sources: Participation in Exercise, Recreation and Sport Surveys, 2001−2010 
(Australian resident diving activity data); Tourism Research Australia surveys of international visitors to Queensland 
2006−2014 and a dive operator in Victoria 2007−2014. Annual fatality rates (AFR) and 95% confidence intervals (95% 
CI) were calculated using an exact binomial test.
Results: Estimated AFRs were: 0.48 (0.37−0.59) deaths per 100,000 dives, or 8.73 (6.85−10.96) deaths per 100,000 divers 
for Australian residents; 0.12 (0.05−0.25) deaths per 100,000 dives, or 0.46 (0.20−0.91) deaths per 100,000 divers for 
international visitors to Queensland; and 1.64 (0.20−5.93) deaths per 100,000 dives for the dive operator in Victoria . On 
a per diver basis, Australian residents are estimated to be almost twenty times more likely to die whilst scuba diving than 
are international visitors to Queensland, or to lower than fourfold on a per dive basis. On a per dive basis, divers in Victoria 
are fourteen times more likely to die than are Queensland international tourists.
Conclusions: Although some of the estimates are based on potentially unreliable denominator data extrapolated from surveys, 
the diving fatality rates in Australia appear to vary by State, being considerably lower in Queensland than in Victoria. These 
estimates are similar to or lower than comparable overseas estimates, although reliability of all such measurements varies 
with study size and accuracy of the data available.
Key words
Deaths; Diving incidents; Recreational diving; Survey; Statistics
Introduction
Scuba diving is an ‘adventure sport’ which many consider 
to be a dangerous activity.1  Media publicity about shark 
attacks and divers being left at sea likely serve to increase 
this perception. It is important for both the diving industry 
and the general community to have a reasoned perspective 
of the level of risk, based on estimated activity and incidents, 
rather than media perceptions. There are few available 
data on which to estimate the risk of fatality for Australian 
divers and much of these data have considerable limitations. 
Earlier reports explored estimates for Australia (including 
overseas travellers) but these were based on limited data 
and were affected by methodological errors, predominantly 
the combination of activity data from two surveys which 
used different methods of data collection.2,3  In this study, 
individual estimates are based on single data sources.
To estimate a fatality rate for divers, it is necessary to obtain 
both an accurate numerator (i.e., the number of deaths over 
a time period) and denominator (i.e., a measure of diving 
activity over that same period). In Australia, we can be 
reasonably confident in the accuracy of the number of dive-
related fatalities reported each year because of our effective 
coronial reporting system and the active involvement of the 
Divers Alert Network Asia-Pacific (DAN AP) in collection 
of relevant data and its access to the National Coronial 
Information System (NCIS). As with most other countries, 
it is difficult to find a reliable estimate of Australian diving 
activity. Denominators, the measure of risk exposure, can be 
based on the number of divers, the number of dives or time at 
risk. Where reasonably sound activity data are available, the 
fatality rate per dive is a better measure of actual exposure 
risk than is a per person death rate, which provides no detail 
of actual diving exposures. The actual hours of exposure 
time provides the best denominator to establish an accurate 
measure of incident risk.4  However, in the diving population 
this is rarely reported and, therefore, not available.
In this report, data on the diving activity of Australian-based 
divers and the associated fatalities are examined to provide 
‘best guess’ estimates of the risk of death for Australian 
divers overall, as well as for subsets of divers in Queensland 
and Victoria.
Methodology
Numerators were obtained from the DAN AP dive fatality 
database.5  DAN AP systematically collects data from all 
States and Territories through media and diver reports, the 
National Coronial Information System (NCIS) and coronial 
offices throughout Australia. Denominator data were sought 
by: (1) A literature search for suitable Australian activity 
data; (2) Diving records of a large diving charter operator 
in Victoria.
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LITERATURE SEARCH 
Diving activity data for Australia from 1980 to 2015 
inclusive were sought through searches of the South 
Pacific Underwater Medical Society Journal and Diving 
and Hyperbaric Medicine, other relevant sporting activity 
reports, liaison with industry bodies and internet searches. 
Search engines accessed were Google, Google Scholar, 
Medline, CINAHL, Heath Source (Nursing/Academic 
Edition), Sportsdiscus, Psychinfo, Global Health, Academic 
Search Complete, Informit and Embase. Details of the search 
terms are shown in Table 1. The inclusion criteria for relevant 
articles were: (1) There was a measure or estimate of diving 
activity either from survey, recorded dives, tank fills or 
membership/insurance counts; and (2) data were available 
for at least five consecutive years.
Three sources of denominator data met the inclusion criteria. 
These were: (1) The Australia-wide Participation in Exercise, 
Recreation and Sport (ERASS) Surveys;6–15  (2) Tourism 
Research Australia Surveys of International visitors to 
Queensland (Tourism Research Australia, April 2015, with 
permission);16,17 (3) Victorian dive operator records from 
2007 through 2014 (confidential communication, 2015).
ERASS NATIONAL SPORTING PARTICIPATION 
SURVEYS 2001−2010
The ERASS data were collected via telephone-based surveys 
conducted on behalf of the Australian Sports Commission 
(ASC) from 2001 through 2010, inclusive (by AC Neilson 
Research 2001−2007 and Newspoll Market and Social 
Research 2008−2010).6–15  The basic questionnaires changed 
little over the years. The surveys utilised random samples 
of at least 3,400 Australian residents over 15 years of age, 
per quarter. Participants were asked about their sporting 
activities, including scuba diving, during the previous year.
TOURISM RESEARCH AUSTRALIA SURVEYS 
OF INTERNATIONAL TOURIST ACTIVITY IN 
QUEENSLAND
Since 2006, Tourism Research Australia has consistently 
conducted annual surveys of international and national 
tourists who have visited various Australian States and 
Territories.16,17  The International Visitor Survey (IVS) 
samples annually 40,000 departing, short-term international 
visitors over 15 years of age. It is conducted in the departure 
lounges of major international airports and utilises computer-
assisted personal interviewing. Participants are shown a list 
of activities which includes scuba diving and snorkelling. 
The survey results are weighted to data on international 
visitor numbers over the period, provided by the Department 
of Immigration and Citizenship, with the assistance of the 
Australian Bureau of Statistics.
In earlier research, based on the IVS, interviewees 
who indicated that they had been diving in Queensland 
in a 12-month period from April 2006 were given a 
supplementary questionnaire on the number of times they 
had dived.18  The resulting data were based on interviews 
with 1,685 scuba divers and indicated an average of
3.7 dives each. It was assumed that a similar number of dives 
per person could be applied for the years 2006−2014 and these 
figures were used to estimate the total number of dives conducted 
for these years and subsequently the per dive fatality rate.
As the IVS contains relatively few diving-related data for 
most parts of Australia, most were not investigated further 
due to the increased potential for measurement bias. 
However, on the advice of Tourism Australia (which oversees 
the surveys), the international visitor data for Queensland 
were assumed to be based on sufficiently large samples 
which ranged between 1,795 and 2,155 diver respondents 
annually from 2006 through 2014.
DIVE CHARTER OPERATOR
Data were collected from the largest dive charter operator 
in Victoria which has up to six boats of various sizes and 
conducts charters for divers, snorkellers and sightseers. It 
operates an average of four days per week and up to seven 
days in the summer months. Each dive is logged and scuba 
activity records from mid-2006 were available.
STATISTICAL ANALYSIS
Estimates were considered to be significantly different if 
their respective 95% confidence intervals did not overlap. 
Annual fatality rates (AFR) and 95% confidence intervals 
(CI) were calculated based on an exact binomial method 
as implemented in the Binomial Test in the R statistical 
package.19
Results
Over the 10-year period, the mean annual number of 
Australian residents who went scuba diving was 84,767 
(95% CI  61,767–107,748). Between them, these participants 
conducted an average of 1,552,728 dives per year
(95% CI 1,125,985–1,979,472). In total, there were 129 
scuba diving-related fatalities in Australia from 2001−2014. 




Search No. Search items
#1 scuba OR snorkel* OR diving
#2 survey* OR rate* OR statistic*
OR census OR participa* OR count
#3 Australia OR Queensland
#4 death* OR fatal*
#5 risk OR estimat*
#6 #1 AND #2 AND #3
#7 #1 AND #4 AND #5
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Table 2
ERASS-derived estimates of the number of divers and dives conducted, recorded deaths, and estimated AFRs 2001-10 (95% CI)
Divers Dives Deaths AFR/100K divers AFR/100Kdives
Male 645,927 11,838,137 59 9.13 (6.95–11.78) 0.50 (0.38–0.64)
Female 201,746 3,697,476 15 7.44 (4.16–12.26) 0.41 (0.23–0.67)
<45 years 605,239 11,092,428 33 5.45 (3.75–7.66) 0.30 (0.20–0.42)
≥45 years 242,434 4,443,185 41 16.91 (12.14–22.94) 0.92 (0.66–1.2)
Table 3
Estimated AFRs by gender and age group based on ERASS data and recoded deaths (95% CI)
Year Sample  Divers Dives/person  Dives  Deaths in   Deaths Deaths Deaths/100K divers Deaths/100 K dives
size (residents) (Australians) Australia  overseas total
2001 13,640 79,379 18.7 1,484,387 11 0 11 13.86 (6.92−24.79) 0.74 (0.37−1.32)
2002 13,632 73,331 16.3 1,195,295 8 0 8 10.91 (4.71−21.49) 0.67 (0.28−1.32)
2003 13,644 90,592 21.2 1,920,550 6 0 6 6.62 (2.43−14.42) 0.31 (0.11−0.68)
2004 13,662 103,337 17.7 1,829,065 7 2 9 8.71 (3.98−16.53) 0.38 (0.15−0.79)
2005 13726 86,791 20.7 1,796,574 5 0 5 5.76 (1.87−13.44) 0.28 (0.09−0.65)
2006 13,710 76,035 12.1    920,024 5 0 5 6.58 (2.14−15.35) 0.54 (0.18−1.27)
2007 16,400 69,912 24.0 1,677,888 8 1 9 12.87 (5.89−24.43) 0.54 (0.25−1.02)
2008 17,293 90,200 17.2 1,551,440 6 1 7 7.76 (3.12−15.98) 0.45 (0.18−0.93)
2009 23,031 83,313 20.3 1,682,923 5 0 5 6.00 (1.95−14.00) 0.30 (0.09−0.69)
2010 21,603 94,783 15.5 1,469,137 7 2 9 9.50 (4.34−18.02) 0.61 (0.28−1.20)
Mean 16,034 84,767 18.4 1,552,728 6.8 0.6 7.4 8.73 (6.85−10.96) 0.48 (0.37−0.59)
Table 4
Annual activity and fatality rates for international visitors in Queensland, 2006-13; * data for 2014 not included as fatality numbers 
for that year are not finalised
Year 
2006 2007 2008 2009 2010 2011 2012 2013
Divers (n) 236,327 228,166 220,836 226,596 222,704 185,543 197,867 213,506
Dives (n) 874,410 844,214 817,093 838,405 824,005 686,509 732,108 789,972
Fatalities (n) 2 2 0 2 0 0 0  2 
Fatalities /100,000 0.85 0.88 0.00 0.88 0.00 0.00 0.00 0.94 
divers (95% CI) (0.10−3.06) (0.11−3.17) (0.00−1.67) (0.11−3.12) (0.00−1.66) (0.00−1.99) (0.00−1.86) (0.11−3.38) 
Fatalities /100,000 0.23 0.23 0.00 0.24 0.00 0.00 0.00 0.25
dives (95% CI) (0.03−0.83) (0.03−0.86) (0.00−0.45) (0.03−0.86) (0.00−0.45) (0.00−0.54) (0.00−0.50) (0.03−0.91)
Table 2 includes the ERASS-derived estimates of the number 
of active divers and the dives conducted from 2001−2010. 
In addition, it shows the number of Australian residents who 
died while scuba diving both in Australia and while overseas 
as recorded on the DAN AP database. The overseas fatalities 
are included as the ERASS survey did not ask where the 
diving was conducted and many Australian residents divers 
do some diving overseas.
According to the ERASS data, 76% of the divers were male, 
and approximately 30% were aged 45 years or older. By 
comparison, 59 (80%) of the 74 Australians who died while 
diving in Australia or overseas from 2001 through 2010 were 
male and 41 (70%) were aged 45 years or older. These data, 
along with the associated AFRs are shown in Table 3.
Table 4 shows the annual activity data, annual deaths of 
international visitors (based on DAN AP fatality data5), and 
Table 5
Annual fatality rates (AFR) for SCUBA divers from the three data sources (95% CI); Qld – Queensland
Group Period (y) Method  Dives  Divers AFR per 100,000 dives AFR per 100,000 divers
Australian residents 2001−10 Survey 1,552,728 84,787 0.48 (0.37−0.59) 8.73 (6.85−10.96) 
(ERASS)
Qld International tourists 2006−13 Survey 800,840 216,443 0.12 (0.05−0.25) 0.46 (0.20−0.91) 
(Tourism Australia)
Victorian operator 2007−14 Measured 15,235      − 1.64 (0.20−5.93)   −
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per diver and per dive fatality rates based on the Tourism 
Research Australian activity data for all of Queensland from 
2006 to 2013 inclusive. (Tourism Research Australia, April 
2015, with permission). The mean annual scuba fatality rate 
among international visitors over the period was 0.46 deaths 
per 100,000 divers (95% CI 0.2−0.91); or 0.12 deaths per 
100,000 dives (95% CI 0.05−0.25).
DIVE CHARTER OPERATOR, VICTORIA 2007−2014
From 2007 through 2014, an average of 15,235 scuba dives 
were conducted annually from this operator’s vessels, during 
which time there were two deaths, one in 2010 and one in 
2014. This gives a mean annual death rate of 1.64 deaths 
per 100,000 dives (95% CI 0.20−5.93).
Table 5 provides a summary of the annual fatality rate 
estimates derived from the three sources.
Discussion
The AFRs from these three sources vary more than tenfold. 
This is likely due to differences in diving conditions and 
practices, data reliability, and possibly to some differences 
in diver characteristics. The denominators used as baselines 
for the AFR estimate calculations vary in reliability. The 
most accurate denominator was that from the dive operator 
in Victoria as it was measured rather than extrapolated from 
surveys. The AFR from this dive operator (1.64 per 100,000 
dives) is lower than one based on a one-year Victorian tank 
fill survey20 and averaging fatalities over a five-year period 
(2.5 per 100,000 dives).2  The difference may indicate 
that diving with this operator is safer than general diving 
in Victoria or may reflect the divers who choose to dive 
with this operator. However, these two estimates lie within 
each other’s 95% confidence intervals so there may be no 
significant difference in the underlying risk.
The estimated scuba AFR for Victorian divers is significantly 
higher than that for international visitors diving in 
Queensland. These differences could be the result of 
inaccuracy of denominator data. However, other local factors 
may have been contributory. Waters in Victoria are colder, 
visibility is generally much poorer and much of the diving 
occurs in sites with strong currents or prone to surges. The 
more challenging conditions and the associated requirement 
for thicker suits and greater weighting can increase problems 
with buoyancy, breathing gas consumption,  exertion and 
stress, thus increasing the risk of an accident.21,22  In addition 
to the generally easier diving conditions in Queensland, 
diving there is highly regulated due to the existence and 
enforcement of a regulated Code of Practice (COP) and this 
may help to mitigate the risk. Although COPs exist in two 
other States (including Victoria), these are voluntary, not 
enforced by either industry or government and are likely to 
have little effect.
The apparent three-fold increased risk of death in divers 
aged 45 years or more is consistent with other reports and 
is often reflective of cardiac-related incidents among divers 
with known or occult cardiac disease.23,24
The Australian estimates generally compare favourably 
with those reported from other countries. For example, the 
AFR for DAN America members has been calculated to 
be 16.4 (95% CI 14.2−19.0) per 100,000 divers (based on 
measured data).23  Similarly, British Sub-Aqua Club (BSAC) 
membership and fatality data indicate an AFR of 14.4
(95% CI 10.5−19.7) per 100,000 members.25−31  These higher 
rates may be partly explained by population differences 
(e.g., DAN members are generally older, with an increased 
association of co-existing medical conditions) and diving 
conditions (e.g., UK conditions are often more challenging). 
At the lower end, measured data from an inland lake in 
Leicester (UK) yielded an AFR of 2.9 (95% CI 1.2−6.0) per 
100,000 divers.32  Despite this site being cold and potentially 
deep, diving there is generally well-controlled and more 
predictable and this may explain the relatively low death rate. 
Measured data from British Columbia in Canada indicated 
an AFR of 2.04 (95% CI 0.0−6.0) per 100,000 dives.33  This 
is comparable to Victoria, although the water temperature 
is substantially colder.
LIMITATIONS
Comparisons between estimates from different data sources 
would usually be age/sex-adjusted to reduce possible 
confounding effects of different age/sex distributions. 
However, age/sex–specific data were not available from 
the IVS and the dive operator in Victoria so no age/sex 
standardisation was possible. Hence comparison of results 
may be influenced by different age/sex distributions in the 
populations.
Although commonly utilised by researchers to provide 
a denominator for a variety of sporting activities in 
Australia,34,35 the ERASS, as with most surveys,  has several 
limitations.36,37  These include:
• Based on a relatively small sample, it is subject to
sampling error. However, with the national diving 
data, the mean relative standard error was 14% (range 
12−15%) indicating that the annual sample should be 
sufficiently reliable.
• It is retrospective and subject to recall bias. However,
the participants were surveyed about activities in the 
previous year so the elapsed time was not substantial.
• The response rate in 2010 was 17.6% which may have
introduced selection bias.
• Until 2010, the survey only included ‘landlines’ and
not mobile phones. This raises the concern of selection 
bias resulting from mobile-only households being 
excluded from the previous years’ samples, mainly 
associated with the likely younger age of the residents. 
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The proportion of Australian residents living in mobile-
only households increased from 5% in 2005 to 13% in 
2010.38  This may have led to under-reporting of the 
dives conducted by younger divers who tend to only 
have mobile phones.
• The ERASS surveys did not include divers who were
younger than 15 years old. However, these divers likely 
represented a small proportion of divers (< 1%)39 and
their exclusion should have little effect on the overall
results. In addition, there were no deaths of divers
younger than 15 years in Australia during that period.
Despite these limitations, the annual ERASS surveys appear 
to provide the best available national estimates of the scuba 
diving activity of Australian residents during the period of 
study.
As with most surveys, the results of the IVS are based on 
samples, rather than a census of visitors and are therefore 
subject to sampling error. However, the relative standard 
error for the number of participants was approximately 3.5%, 
indicating that sampling error was not a major barrier to their 
use. Given that most visitors would have stayed in Australia 
for a relatively short period, recall bias should have been 
small. Recall bias would have been further reduced given 
that many of the scuba divers had come specifically to dive. 
Like the ERASS survey, the Tourism Australia surveys did 
not include persons younger than 15 years.
Despite accurate denominator data from the operator in 
Victoria, over the eight-year period there were very few 
fatalities. This would have reduced the reliability of the 
estimate, as indicated by the wide confidence intervals. 
In addition, the results of a single operator may not be 
representative of the diving fatality rate throughout Victoria.
Conclusions
It is difficult to obtain substantial and reliable data on the 
diving activity and, therefore, AFRs in Australia. The only 
measured denominator data currently available comes 
from a 1994 Victorian tank fill survey and the activity logs 
of a single dive operator in Victoria from 2007 through 
2014. Other denominator data are based on surveys, with 
their inherent limitations. On the basis of the information 
currently available, the diving fatality rate in Australia 
appears to vary by State, with the estimated rate in 
Queensland being considerably lower than the estimated 
rate in Victoria or for Australia overall, which may be partly 
explained by generally more favourable conditions and/or 
local diving regulations. These rates are similar to or lower 
than comparable data from overseas, although reliability 
of all such estimates varies with the size and accuracy of 
numerator and denominator data. More research is required 
to further improve diving activity data collection so that risk 
estimates can be more accurately determined.
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Abstract
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Introduction: A scuba diving fatality usually involves a series of related events culminating in death. Several studies have 
utilised a chain of events-type analysis (CEA) to isolate and better understand the accident sequence in order to facilitate 
the creation of relevant countermeasures. The aim of this research was to further develop and better define a process for 
performing a CEA to reduce potential subjectivity and increase consistency between analysts.
Methodology: To develop more comprehensive and better-defined criteria, existing criteria were modified and a template 
was created and tested using a CEA. Modifications comprised addition of a category for pre-disposing factors, expansion 
of criteria for the triggers and disabling agents present during the incident, and more specific inclusion criteria to better 
encompass a dataset of 56 fatalities. Four investigators (raters) used both the previous criteria and this template, in randomly-
assigned order, to examine a sample of 13 scuba diver deaths. Individual results were scored against the group consensus 
for the CEA. Raters’ agreement consistency was compared using the Index of Concordance and intra-class correlation 
coefficients (ICC).
Results: The template is presented. The index of concordance between the raters increased from 62% (194/312) using the 
previous criteria to 82% (257/312) with use of this template indicating a substantially higher inter-rater agreement when 
allocating criteria. The agreement in scoring with and without template use was also quantified by ICC which were generally 
graded as low, illustrating a substantial change in consistency of scoring before and after template use.
Conclusion: The template for a CEA for a scuba diving fatality improves consistency of interpretation between users and 
may improve comparability of diving fatality reports.
Introduction
Some accident investigations utilise a root cause analysis 
(RCA) technique. This follows the ‘domino mechanism’1 
whereby an initial causal factor leads to other factors ending 
in injury or death. However, it can be difficult to determine 
a single causal factor as the more thoroughly an incident 
is investigated, the more potential causal factors appear.2
A scuba diving fatality usually involves a series of related 
events culminating in death. Identification of various 
contributory factors is hampered by the reality that most 
diving incident reports are relatively sparse on detail. Given 
the difficulty in tracking a root cause, such an analysis is 
more appropriately described and conducted as a ‘chain of 
events’ or ‘sequential analysis’ where there may be multiple 
possibilities at some of the stages.
The process of chain of events analysis (CEA) was first 
applied to diving incidents in the examination of 947 
fatalities in the USA.3  The incident sequence was divided 
into four components:  (1) the trigger; (2) the disabling agent; 
(3) the disabling injury and (4) the cause of death.  Later, 
CEA was applied to a series of 351 Australian compressed-
gas diving fatalities.4  Modifications included the re-defining 
of several subcategories within the four major categories of 
the CEA to better reflect the available data. Subsequently, 
others have used similar categories for their analyses.5 
However, in the absence of definitive criteria, there is a 
potential for subjectivity in the categorisation of events 
Original articles
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and classifications can vary substantively from case to case 
and study to study. A detailed breakdown of predisposing 
factors, triggers, disabling agents and disabling injuries are 
presented in Tables 1–4.
To minimise subjectivity and increase consistency between 
investigators, it is important to carefully define the CEA 
categories. The aim of this study was to design a template 
to assist researchers to more objectively categorise the 
components of a CEA and so facilitate greater compatibility 
within and between diving incident studies. Where sufficient 
information is available, the template also provides the 
opportunity to identify and include some of the human 
factors which may have influenced events prior to the dive 
and during some segments of the chain of events. More 
consistent reporting will help to better inform the diving 
industry of various contributors to diving injuries and so 
enable the identification of appropriate countermeasures to 
help mitigate future deaths.
Methods
Access to data for this study was approved by the Justice 
Human Research Ethics Committee, Department of Justice, 
Victoria, Australia (No. CF/06/31). The program of research 
was also approved by the Human Research Ethics Committee 
at Deakin University, Victoria, Australia (No. 2013-210).
TEMPLATE CREATION
Each of the 54 Australian scuba diving fatalities from 2004 
to 2010 was re-examined and a CEA applied, using the 
previous criteria.4,6–12  A sequence category of ‘pre-disposing 
factors’ was added, the criteria for the other sequential event 
categories were expanded, and more specific inclusion 
criteria were created to better encompass the dataset. As a 
result, a broader yet better-defined template for the CEA 
was constructed.
Table 1
Predisposing factors for a scuba diving fatality
Predisposing factors
Definition: A predisposing factor (as used here) is a relevant factor that was present prior to the dive, and/or prior to the 
trigger occurring, and which is believed to have predisposed to the incident and/or to key components in the accident chain 
(e.g., the trigger or disabling agent).
Health-related: May include factors such as a history of cardiovascular disease, epilepsy, diabetes as well as factors such 
as mental or physical fatigue.
Organisational/training/experience/skills-related: Includes factors that may have impacted a diver’s practical readiness 
to dive. Factors such as the suitability of training course design and conduct and the overall dive organisation by a dive 
operator are included as well as the level of skill and/or experience of the diver relevant to the circumstances.
Planning-related: Applies to obviously poor pre-dive planning decisions, whether made well before the dive or immediately 
prior. This includes factors such as a decision to dive in conditions that were obviously unsuitable, or should have reasonably 
have been assessed as unsuitable or a decision to dive alone, among others.
Poor communication or coordination: If communication between buddies and/or the dive supervisor (prior to or 
during the dive) is poor, the opportunity of misunderstandings and unexpected and inappropriate actions is increased. 
Absence of appropriate equipment; using obviously faulty equipment: Although this is somewhat planning-related, 
this particular category is equipment-specific.
Activity-related: Some activities (e.g., spearfishing/seafood collecting, penetration diving) are associated with particular 
inherent risks. For example, spearfishing is well known to attract sharks and can predispose to an accident triggered by the 
arrival of an aggressive shark. Penetration diving can predispose to an incident triggered by entrapment.
Unsafe supervision: This can apply to supervision by the divemaster overseeing a dive, an instructor supervising students 
or to a diver’s interactions with his buddy.
Other: Includes anything that cannot appropriately be allocated to one of the defined categories. This category should be 
used sparingly and only after a serious attempt to utilise an existing category.
Unknown/none: There is insufficient information on which to make a reasonable suggestion of a possible predisposing factor.
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TEMPLATE ASSESSMENT AND ADJUSTMENT
The resulting template was subsequently utilised by four 
investigators experienced in analysing diving deaths in 
the examination of 13 of the 14 scuba diving fatalities that 
occurred in Australia in 2011, for which the usual coronial 
reports were available at the time.13  The process involved 
the following steps:
• Careful scrutiny of the available data on the relevant
medical and diving history of the victim and 
circumstances of each incident;
• consideration of the possible causative factors and chain
of events;
• comparison with the categories and subcategories of
the available template;
• selection and recording of the preferred categories and
subcategories.
For example, in deciding whether there were any potential 
predisposing factors, the investigator considered the victim’s 
health, training, experience and skills as well as the planning 
and supervision of the dive, the equipment used and the 
nature of the activity. If there was no obvious predisposing 
factor, it was marked as ‘unknown/none’. If a possible factor 
was identified which did not align with a defined category, it 
was allocated to ‘Other’ and noted for further consideration 
of template modification.
Two investigators were randomly assigned to perform an 
initial analysis of each incident without using the template 
(but using the previous criteria). The other two used the 
template. Subsequently, the roles were reversed and those 
who initially used the template were asked to conduct a 
second analysis using the original criteria, while the others 
used the template. Analyses were conducted two to four 
weeks apart. All results were collated, discussed and a 
consensus was reached for the final CEA to be used with 
this fatality series. The template was further adjusted to 
reflect feedback received and the final template is presented 
under results.
The Index of Concordance (IC)14 between investigators 
was calculated with and without template use. The IC is 
defined as the number of inter-rater agreements divided by 
the number of coding attempts and multiplied by 100 to 
yield a percentage.14  The IC between investigators when 
using the template was calculated and an IC of greater than 
70% was taken as indicating agreement.15  In addition, each 
rater's selection was compared to the consensus selections 
and graded either ‘1’ if in agreement or ‘0’ if not.  In this 
manner, a score of 0–4 (0 = no agreement; 4 = all raters 
matched consensus) was given for each of the categories 
for each incident. These scores were summed to create a 
total incident score.
The Intraclass Correlation Coefficient (ICC(2)) was 
calculated for each category of the CEA and for the total 
incident score, comparing these scores with and without use 
of the template.  In a repeated measures ANOVA involving 
four raters and 13 subjects, ICC(2) assumes both raters and 
subjects are random effects. Cut-off values of < 0.7, 0.7−0.9 




The major sequence categories and their definitions in this 
CEA were as follows:
• Predisposing factor: A relevant factor(s) that was
present prior to the dive, and/or prior to the trigger 
occurring, and which was believed to have predisposed 
to the incident and/or to key components in the accident 
chain (e.g., the trigger or disabling agent);
• Trigger: The earliest identifiable event that appeared
to transform an unremarkable dive into an emergency;
• Disabling agent: An action or circumstance (associated 
with the trigger) that caused injury or illness, e.g., an 
action of the diver or other persons, function of the 
equipment, effect of a medical condition or a force of 
nature;
• Disabling injury: Injury or condition directly responsible 
for death or incapacitation followed by death from 
drowning;
• Cause of death: As specified by the medical examiner,
which could be the same as the disabling injury or could 
be drowning secondary to injury.
Note that, although the disabling injury is often more 
informative in determining why the diver became 
incapacitated, the actual cause of death can sometimes 
provide important information for preventative and 
emergency management strategies.
Suggested sub-categories for each of the categories are 
shown in Tables 1−4, whilst Table 5 provides illustrative 
examples of how these taxonomies may be used. Figure 1 
provides a summarised flowchart for a CEA.
TEMPLATE ASSESSMENT
The index of concordance between the raters when using 
the template was 82% (257/312) compared with 62% 
(194/312) when not using it. This absolute IC difference of 
20% is substantial and clinically significant. Table 6 shows 
the comparison of the raters’ agreement with and without 
template use for each scuba-related category and total score.
Table 7 shows the mean and standard deviation (SD) scores 
with each category of the CEA both with (T) and without 
(NT) template use, as well as the ICC(2) for each category 
and for the total scores. As it is illustrated, all post-template 
mean scores are higher with smaller SDs, indicating a higher 
agreement and less between-raters heterogeneity. Three out 
of four categories had poor agreement consistency, with an 
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Triggers
Definition: A trigger (as used here) is the earliest identifiable event that appeared to transform an unremarkable dive into 
an emergency.
Environment-related: Relates to the diving environment and may arise from the topography or conditions of the dive site 
itself or as a result of contact with other users or inhabitants.
• Conditions
Water − e.g., difficulty in dealing with current, swell, surge, chop, water outflow/inlet; visibility, temperature;
Weather − e.g., problem arising from rain, wind, lightning;
• Marine animal contact − e.g., aggression from shark;
• Watercraft-related − e.g., boat impact, propeller injury;
• Entrapment − e.g., tangled in line or net, disoriented in cave or wreck;
• Events triggered from the direct effects of immersion, submersion and/or sensory deprivation, e.g., cardiac arrhythmia.
Equipment-related: Includes a problem with any item of the diver’s equipment that precipitates an accident. The list below 
is not exhaustive and other equipment may trigger an accident and so can be included.
• Regulator, surface-supplied breathing apparatus or rebreather functional problem leading to gas supply reduction or
interruption;
• Buoyancy compensator device (BCD) failure − e.g., sticky inflator, dump valve failure but not including its misuse;
• Weights-related − e.g., unintentional release, unable to be released but not including over- or under-weighting from
the outset of the dive;
• Mask − e.g., leak, broken strap, broken/displaced lens;
• Fins − e.g., poor fit, broken strap, loss of fin;
• Exposure suit − e.g., tight wetsuit, flooded drysuit but not including drysuit ‘blow-up’;
• Cylinder − e.g., valve-failure, slippage but not including problems from gas content or valve insufficiently opened;
• Faulty depth or contents gauge;
• Hose failure;
• Breathing hose entanglement.
Gas supply-related: Includes any problem relating to the on-going supply, purity and suitability of the breathing gas but 
not loss of gas supply due to equipment failure.
• Inappropriate breathing gas mixture;
• Contamination;
• Exhaustion of breathing gas supply.
Buoyancy-related: Includes buoyancy problems generally related to poor knowledge or skills but not problems arising 
from equipment failure. It includes factors such as:
• Overweighted or underweighted;
• Poor skills;
• Drysuit ‘blow-up’;
• Loss of buoyancy control arising from deployment of surface marker buoy.
Exertion-related: Includes problems arising from situations such as carrying equipment, exiting the water post-dive, 
dragging a heavy object underwater, etc. but not exertion as a result of sea conditions.
Anxiety/stress-related: Anxiety/stress can often be associated with diving, especially in the relatively inexperienced, and 
can be a trigger for an accident. However, in order for this to be listed as a trigger, it cannot be assumed but must have been 
observed and reported by a witness.
Primary diver error: Diver error, which is an inherent part of many diving accidents, can be a precursor to or the actual 
trigger in a sequence. It can be closely associated with another trigger(s) and, in such cases, can be reported in combination.
Other: Includes anything that cannot appropriately be allocated to one of the defined categories. This category should be 
used sparingly and only after a serious attempt to utilise an existing category.
Unknown: There is insufficient information on which to make a reasonable suggestion of a possible trigger(s).
Table 2
Triggers for a scuba diving fatality
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Disabling agents
Definition: A disabling agent (as used here) is an action or circumstance (associated with the trigger) that caused injury 
or illness. It may be an action of the diver or other persons, reaction of the equipment, effect of a medical condition or a 
force of nature.
Gas supply-related: Includes any problem relating to the on-going supply, purity and suitability of the breathing gas but 
not loss of gas supply due to equipment failure.
• Inappropriate breathing gas mixture;
• Contamination;
• Exhaustion of breathing gas supply.
Ascent-related: Includes any problem that was likely precipitated by or associated with the ascent from a dive. This may 
include but is not restricted to:
• Breath holding during ascent;
• Gas sharing during ascent;
• Rapid ascent.
Medical-related: Includes any problem that was likely precipitated by or associated with a pre-existing or imminent medical 
condition (which may or may not be the same as the disabling injury). It may include but is not restricted to:
• Cardiovascular disease;
• Other medical condition.
Buoyancy-related: Includes buoyancy problems related to poor knowledge or skills and secondary to some trigger. It can 
also include loss of buoyancy control subsequent to equipment failure (e.g., loss of buoyancy subsequent to a faulty BCD).
• Inadequate buoyancy control underwater;
• Lack/loss of buoyancy on surface;
• Drysuit ‘blow-up’ subsequent to equipment failure.
Environment-related: Includes problems where a diver is disabled as a result of environmental circumstances such as:
• Adverse sea conditions;
• Entrapment − this entrapment is secondary to an initial trigger such as narcosis, silting, poor buoyancy or surge. It often 
leads to exhaustion of the breathing gas (in which case, the disabling agent is recorded as environmental – entrapment,
then out of breathing gas.
• Impact with watercraft, rocks, reef;
• Dangerous marine animal contact (e.g., shark attack).
Equipment-related: Includes a consequence of a problem associated with an item of the diver’s equipment, but secondary 
to some accident trigger.
Other: Includes anything that cannot appropriately be allocated to one of the defined categories. This category should be 
used sparingly and only after a serious attempt to utilise an existing category.
Unknown: There is insufficient information on which to make a reasonable suggestion of a possible disabling agent.
ICC(2) less than 0.70 illustrating poor agreement between 
before and after template use. This illustrates a systematic 
improvement in between-rater scores after template 
implementation.
Discussion
In this study, the use of the template improved consensus 
in the evaluation of the diving fatalities as indicated by the 
large increase in IC when using the template. This was 
supported by the relatively low ICC(2) ratings which indicate 
a marked difference in scoring (consistency of agreement) 
with and without template use. An ICC of 0.70–0.90 may be 
acceptable for use in research purposes but not for policy-
making.17
An advantage of using ICC(2) to compare measurement 
methods is that it can be used when the measurements 
are given on different scales or metrics, as the ICC(2) 
is a dimensionless ratio. Because reliability depends 
on the heterogeneity of the true error-free values in 
the sampled population, it is essential that reliability
Table 3
Disabling agents in a scuba diving fatality
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In a study of 1,000 (mainly non-fatal) diving incidents, The 
Diver Incident Monitoring Survey (DIMS) reported that 87% 
of the incidents were associated with diver error.19  Given 
the inhospitable environment in which diving takes place, 
in addition to adequate health and fitness, the foundation 
for safe diving includes ‘human factors’ such as adequate 
knowledge and skill acquisition and retention and clear, often 
rapid decision-making. A CEA may provide a useful tool 
to identify ‘how’ an incident occurred, i.e., the sequence of 
events in the dive incident itself. However, preceding and/
or underlying many of the components in such an analysis 
is the potential for diver error or inappropriate behaviour 
from human factors.
Using techniques from research into aviation accidents, a 
Human Factors Analysis and Classification System (HFACS) 
was applied to recreational scuba diving incidents in an 
attempt to determine ‘why’ they occurred.20,21  The HFACS 
comprised two major divisions: ‘active failures’ (unsafe acts) 
which involved “diver error”, and ‘latent failures’, which 
included factors that occurred prior to the incident and which 
influenced the active failure. A “Swiss cheese model”22 was 
used to argue that a dive incident does not simply result 
from diver error alone but is ultimately the result of the 
alignment of several ‘holes’ in each of the layers of latent 
and active failures.
This protocol is more readily applicable to non-fatal incidents 
where greater detail is often available and where the diver 
Disabling injuries
Definition: A disabling injury (as used here) is directly responsible for death or incapacitation followed by death from 
drowning.
Asphyxia: Asphyxia with or without aspiration of water and with no indication of a prior disabling injury
Cerebral arterial gas embolism: Gas in the cerebral arteries with or without evidence of lung rupture
Cardiac: Acute chest discomfort indicated by the diver, history of cardiac disease, or autopsy findings
Trauma: Witnessed trauma, traumatic findings at autopsy
Other medical: Stroke, gastrointestinal haemorrhage, carbon monoxide toxicity, etc
Other: This includes anything that cannot appropriately be allocated to one of the defined categories. This category should 
be used sparingly and only after a serious attempt to utilise an existing category.
Unknown: Body not recovered; no autopsy available; no indications of disabling injury at autopsy.
Cause of death
Definition: The cause of death is that specified by the medical examiner, which could be the same as the disabling injury 
or could be drowning secondary to injury.
Although the disabling injury is often more informative in determining why the diver became incapacitated, the actual cause 
of death can sometimes provide important information for preventative and emergency management strategies.
Table 4
Disabling injuries and causes of death
ICC(2)s are compared only if they have been estimated from 
the same population.18  Usually, assessments made by two 
different raters are less similar than are two assessments 
made by the same rater. Assessments from two raters 
may differ systematically due to bias between the raters 
(a rater ‘effect’), and their measurement errors may also 
have different SDs. For example, assessments from a 
rater who can make more precise assessments will have a 
smaller SD than those made by a less precise rater. Since 
assessments in the future are to be made by different raters, 
we need to describe and quantify the differences between 
such assessments in order to judge whether differences are 
genuine or may be due to measurement error. As such, the 
ideal way to study this was for each rater to make at least 
two assessments of a sample of subjects. The design of such 
a study and the type of appropriate statistical analyses was 
guided by the fact that our interest lay in drawing inferences 
about a wider population of potential raters, not only the 
particular set of raters. Due to the fact that the raters in the 
study are considered a random sample from the population 
of potential raters, we analysed the study using a model that 
treats the rater ‘effect’ as a random effect. Thus, we used a 
two-way random-effects model, with random subject effects 
and random observer effects.
Although factors such as experience and medical history, 
where known, are included, the traditional sequential 
analysis for diving-related injury largely failed to address 
other human factors often associated with such incidents. 
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PREDISPOSING FACTORS
Health-related:
• A diver with significant cardiovascular disease may be predisposed to a cardiac event with immersion and/or exertion.
• A diver who is intoxicated is at an increased risk of making poor decisions.
Organisational/training/experience/skills-related:
• A dive organisation offers services to non-English-speaking (NES) clientele. A NES group booked for a dive and no
arrangements were made to translate the dive briefing into the clients’ language. As a result, several divers act contrary 
to the brief and one subsequently dies.
• A person untrained or poorly trained in the use of a buoyancy compensator device may be more likely to have a
buoyancy-related problem, so triggering an accident.
Planning-related:
• A diver went diving alone and without a lookout to retrieve a craypot. He became entangled in a line and was unable
to free himself.
• When two divers arrived at their planned dive site, although there were large waves constantly breaking over the entry
and exit points from the rocks, they decided to dive there anyway. When trying to enter the water, one diver was swept 
off the ledge, struck his head on rocks and drowned.
Poor communication or co-ordination:
• One of a buddy pair was aware of a strong current on the other side of a ‘swim-through’, but failed to communicate
this to the other, who subsequently swam into the current and was swept away.
Absence of appropriate equipment or using obviously faulty equipment:
• A diver who dives without a BCD may be predisposed to a buoyancy-related problem.
• A diver who dives with air from a faulty or poorly maintained compressor may be predisposed to contaminated air.
Unsafe supervision:
• Poor supervision by the divemaster and/or buddy may result in an inexperienced diver entering the water without all
equipment in place and functional and so predispose to an accident.
TRIGGERS
Environment-related:
• A diver got into difficulties while struggling to make headway against a strong current.
Trigger = Environment-related (current)
• A spearfisherman was confronted by an aggressive shark.
Predisposing: Activity-related (collecting seafood).
Trigger = Environment-related (shark)
• A diver breathing air at a depth of 55 metres' sea water was suffering severe narcosis, misread his contents gauge and
ran out of air.
Predisposing: Activity-related (deep air diving)
Trigger = Environment-related (narcosis at depth)
Equipment-related:
• A diver’s BCD inflator became stuck open resulting in a buoyant ascent.
Trigger = Equipment-related (sticky BCD inflator)
• A diver’s regulator failed, causing a loss of air supply.
Trigger = Equipment–related (regulator failure)
Gas supply-related:




Predisposing = Faulty equipment (CO
2
 scrubber inadequate)
Trigger = Gas supply-related (CO
2
 scrubber exhausted)
• A diver ran out of breathing gas while trying to complete required decompression and was forced to make a rapid ascent.
Predisposing = Poor planning (unless something unpredictable occurred)
Trigger = Gas supply-related (out of gas)
Buoyancy-related:
• After deploying his surface marker buoy (SMB), a diver became entangled in its line and was dragged to the surface.
Trigger = Buoyancy-related (SMB entanglement)
• An inexperienced drysuit user became inverted, was unable to dump air from the suit and had an uncontrolled ascent.
Predisposing = Experience-related (inexperienced)
Trigger = Buoyancy-related (drysuit blow-up)
Exertion-related:
• A (healthy) diver collecting abalone became exhausted and distressed while dragging his heavy catch bag and then
Table 5
Examples of the use of the CEA template – predisposing factor, triggers and disabling agents
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struggled to stay afloat on reaching the surface.
Trigger = Exertion-related (heavy catch bag)
Anxiety/stress-related:
• A student on an introductory dive was seen to panic and rush to the surface after encountering a large stingray.
Predisposing = Experience-related (inexperience)
Trigger = Anxiety/stress-related (panic from stingray encounter)
Primary diver error:
• A rebreather diver on the surface forgot to turn off her bailout valve before removing her mouthpiece. Water entered
the scrubber and when she replaced the mouthpiece and breathed from the unit she suffered a ‘caustic cocktail’.
Trigger = Diver error (equipment-related)
• A diver forgot to open his tank valve before jumping in. Being negatively buoyant, he sank without an available air supply.
Trigger = Diver error (gas supply-related)
DISABLING AGENTS
Gas supply-related:
• A diver became entangled in a line inside a wreck, was unable to free herself and ran out of air.
Predisposing = Activity-related (wreck penetration)
Trigger = Environmental (entanglement)
Disabling agent: Gas supply-related (out of gas)
Ascent-related:
• A preoccupied underwater photographer failed to check his air, ran out of air, held his breath during ascent and suffered 
a pulmonary barotrauma.
Trigger = Gas-supply-related (out of air)
Disabling agent: Ascent-related (breath-holding)
Medical-related:
• Faulty oxygen sensors in a rebreather enabled the PO
2
 to rise sufficiently to cause a hyperoxic convulsion in the diver.
Predisposing = Equipment fault (old/poorly-calibrated oxygen sensors)
Trigger = Gas supply-related (incorrect breathing gas mix from sensor failure)
Disabling agent: Medical-related (hyperoxic convulsion)
• A diver with a history of epilepsy is seen to become unconscious and have a seizure during a shallow air dive.
Predisposing = Health-related (epilepsy)
Trigger = Environmental (sensory effects)
Disabling agent: Medically-related (seizure)
Buoyancy-related:
• A diver surfaced in rough conditions after losing a fin due to a broken fin strap. He was negatively buoyant, failed to
replace his regulator, inflate his BCD or ditch weights and was swamped by a wave and sank.
Trigger = Equipment-related (torn fin strap)
Disabling agent:  Buoyancy-related (lack of buoyancy on surface)
• A drysuit inflator stuck open causing over-inflation and inversion in the water. During the process, the diver aspirated
some water and became unconscious.
Trigger = Equipment-related (drysuit inflator malfunction)
Disabling agent:  Buoyancy-related (inversion underwater)
Environment-related:
• A diver lost control of her buoyancy, ascended into and became entangled in the shotline and subsequently ran out of air.
Trigger = Buoyancy-related (poor buoyancy control)
Disabling agent: Environment - entrapment (out of air)
• A diver in rough water was thrown against rocks by a large wave, hit his head and became unconscious.
Trigger = Environmental (rough conditions)
Disabling agent: Environmental (head impact with rocks)
• An abalone diver was approached and subsequently attacked by a shark.
Predisposing = Activity-related (collecting seafood)
Trigger = Environmental (aggressive shark)
Disabling agent: Environmental – shark attack
Equipment-related:
• A rebreather diver on the surface momentarily forgot to turn off her bailout valve before removing her mouthpiece,
enabling water ingress. The water entered the scrubber and when she replaced the mouthpiece and breathed from the 
unit she suffered a ‘caustic cocktail’.
Trigger = Diver error (equipment-related).
Disabling agent:  Equipment-related (‘caustic cocktail’).
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can provide feedback and personal insight into the various 
human factors involved. However, sometimes witness reports 
and other background information can indicate where, and 
which human factors contributed to the cascade of events 
leading to the death of a diver. So the addition of known 
or reasonably suspected human factor considerations to a 
CEA of diving fatalities is valuable in order to obtain a fuller 
picture of the entire scenario. Such human factors include 
pre-existing health conditions, inadequate training and 
skills, inappropriate/poorly-functional equipment; or more 
deeply-rooted organisational problems that may underpin 
some of these. An example of an underlying organisational 
problem is an inadequate training focus and practice in 
weight-ditching. Given the large number of diving fatality 
victims whose bodies are found with their weights still in 
situ,5,23 this is an important area to address from training 
agency level down.
Another important organisational-level consideration is 
improved education about how certain co-existing conditions 
can impact on diving safety. Pre-certification diving medical 
examinations are now uncommon in many countries, with 
an increasing reliance on a diver to honestly and accurately 
answer a self-reporting medical questionnaire. This places a 
greater onus on dive professionals and existing or intending 
divers to understand the questions and the associated 
implications, and to take these seriously and act accordingly. 
This has become increasingly evident with the increasing 
representation of divers with pre-existing medical conditions 
(especially cardiac-related) and older divers in dive fatality 
reports.4,13,24
In reality, multiple factors, discrete or linked, may 
simultaneously influence an action or circumstance within 
an incident. It is important for the investigator to logically 
and systematically consider all possibilities and influences 
when trying to determine a possible sequence of events. This 
can be a daunting task, prone to substantial subjectivity and 
variation between investigators.
When developing this template, one of the main aims was to 
reduce the variability in categorisation in existing protocols 
in order to make determinations more uniform between 
assessors and so increase comparability both within and 
between studies. This was done by increasing specificity 
within the categories. In addition, where possible, the 
categories were designed to be mutually exclusive and as 
encompassing as practicable to minimise the need to record 
a component as ‘other’ and so improve the consistency.25
A certain degree of subjectivity is inescapable given 
the frequent gaps in the information available to diving 
Case Predisposing factor Trigger Disabling agent Disabling injury Total (*/16)
NT T NT T NT T NT T NT T
  1 4 4 3 4 4 4 3 4 14 16
  2 3 3 1 3 4 4 4 3 12 13
  3 3 4 3 3 3 4 4 4 13 15
  4 3 4 3 4 1 1 3 4 10 13
  5 4 4 2 4 3 4 3 4 12 16
  6 2 4 2 3 2 3 3 4   9 14
  7 3 4 2 4 2 3 2 3   9 14
  8 3 4 3 4 4 4 4 4 14 16
  9 3 4 2 3 3 4 4 4 12 15
10 4 4 3 4 4 4 4 4 15 16
11 1 3 2 2 2 4 4 4   9 13
12 3 3 3 3 3 3 4 4 13 13
13 2 2 2 4 3 4 3 4 10 14
Category NT T ICC (2) (95% CI)
Predisposing factor 2.9 (0.9) 4.0 (1.0) 0.68 (0 − 0.90)
Trigger 2.4 (0.7) 3.54 (0.66) 0.49 (0 − 0.85)
Disabling agent 2.9 (1) 3.54 (0.88) 0.86 (0.53 − 0.96)
Disabling injury 3.46 (0.66) 3.85 (0.38) 0.42 (0 − 0.82)
Total RXWRI      í
Table 6
Comparison of investigator scores of scuba deaths with (T) and without template (NT) use; note that the score is not intended to be used 
when investigating a diving accident; it was just a simple method to try to quantify any gross difference in score allocation by the raters 
with and without template use; it does not represent how the data is used
Table 7
Mean (SD) scores for category and total with (T) and without (NT) template use; ICC(2) – intraclass correlation coefficient;
CI – confidence intervals
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incident investigators. However, by creating taxonomies that 
achieve reasonable consensus between users, subjectivity 
is reduced. To this end, it remains important to test the 
consistency between users when allocating events using 
such taxonomies. There are a variety of suggested methods 
for determining this but the IC is reportedly the industry
standard for use with safety data.26
The study did highlight several minor categorisation
problems, which were adjusted in the template presented
here. Undoubtedly, more improvements will be identified
with further use and the template will need to be modified
accordingly. Users are encouraged to send feedback to the
corresponding author.
LIMITATIONS
There was likely a net learning effect to both the raters
who used the template first and those who did not. Despite 
the delay between allocations, those who did not use it 
initially may have been more familiar with the case by
the time they re-examined it. Similarly, those who used
it first may have recollected some of the categorisation
within the template. The template allocations were mixed 
in an attempt to balance these issues and likely served to 
narrow the difference between allocations with and without 
the template. Given the limited information that is often
available, and the continued challenges associated with the 
subjectivity and categorisation of aspects of diving deaths,
there will inevitably be variation between reporters.
Conclusions
A CEA can be useful in diving fatality investigations to 
identify the likely sequences of events that lead to the
divers’ demise. However, there is often limited information
on which to base such an analysis and this can lead to
substantial variation in the interpretation of events by
different investigators. An effective template for allocating
the components of a chain of events may be useful in
reducing the variability between investigators within a study
and increase the comparability of different diving fatality 
studies.  Although still imperfect and likely to be modified
with future use, this CEA template has been shown to 
improve consistency of interpretation between users.
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CPR given  95 (75)  124 (71)  219 (73%) 
No CPR  26 (21)  41 (23)  67 (22) 




















AED result  Scuba  Snorkel Total 
No shock given 7  28  35 
Shock(s) given  1  4  5 














































































































































Fatigue (7)        Deep diving using CCR (3) 
Drug medication intake (4)    Seafood collection (3) 











conditions (15)        Between: 
 solo diving in adverse conditions (6)   instructor and student (1) 
 location (4)         diver and others (1) 
























































































































































































































Conditions (37)        Various faults in: 
Immersion  effects (19)       Regulators, tank valve 
Entrapment (5)         O2 sensors 
Marine animal (3)       Wet and drysuits 





 During dive (13)      3 (2%) Buoyancy‐related ‐ 
 Post‐dive (6)        mean (SD) age 51 (10), 33% male 





Low (3)         5 (4%) Other ‐  
Incorrect mix (2)      mean (SD) age 43 (15), 71% male 
Contamination (1) 






































































































48 (38%) Medical ‐       17 (13%) Gas supply – 
mean (SD) age 50 (12), 85% male  mean (SD) age 44 (13), 76% male 
Cardiac disease / dysfunction (38)  Out of gas (11) 
Oxygen seizure (3)      Loss of regulator access (4) 
Immersion pulmonary oedema (≥3)  Inappropriate mix (2) 
Other (4)         
21 (17%) Ascent‐related ‐    13 (10%) Environmental ‐ 
mean (SD) age 39(13), 86% male  mean (SD) age 38 (11), 93% male 
Rapid ascent (9)      Conditions (7) 
Gas trapping (3)      Shark attacks (3) 
Inadequate decompression (1)    Entrapment (3) 
18 (14%) Buoyancy ‐      4 (3%) Equipment ‐ 
mean (SD) age 42 (11), 50% male  mean (SD) age 38 (12), 100% male 
Failure to gain positive buoyancy at    
 surface (8)        11 (9%) Unknown 
Poor control underwater (7) 
















































































Asphyxia  47 (37)  70  42 (12)  42 (10)  40 (15) 
Cardiac   32 (25)  97  52 (11)  52 (11)  46 (0) 
CAGE/PBT  19 (15)  85  40 (14)  42 (14)  28 (12) 
IPO  3 (2)  0  50 (1)  na  50 (1) 
Trauma  3 (2)  100  29 (6)  29 (6)  na 
DCS  1 (1)  100  45 (0)  45 (0)  na 















































































Drowning  64 (51)  73  42 (14)  43 (14)  39 (14) 
Cardiac  23 (18)  96  51 (9)  51 (9)  46 (0) 
PBT/CAGE  14 (11)  86  42 (14)  45 (12)  21 (1) 
Trauma  3 (2)  100  29 (6)  29 (6)  na 
IPO  2 (2)  0  51 (0)  na  51 (0) 
DCS  2 (2)  100  50 (7)  50 (7)  na 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Adapted from Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA 























































































A. Organisation  1. How arranged (e.g. commercial / private) 
2. Planning  and  preparation  (Plan  made?  Weather  & 
likely conditions considered?)  
B. Location  1. Location of dive site 
2. Physical  description  of  dive  site  (e.g.  depth, 
topography (e.g. wall, reef), other features) 
 





























































































































































O. Autopsy  1. Pre‐autopsy CT scan ideally within 8 hrs (best < 3 
hrs)  
2. Internal examination if possible 
3. Report should specifically include: 
‐ heart weight 
‐ degree of coronary artery narrowing  
‐ left ventricular wall thickness 
‐ whether foramen ovale is patent or closed 
‐ lung weights 
 
 
